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KD1TOR8    INTRODUCTION 

My  object  in  making  Ur.  'riiielV  book  »vailabie  in  English  ha«  been  to 
till  a  very  ilcHnite  gap  in  the  literature  o(  'pheral  nerve  li'^"'i<t.  I  am, 
of  rountc,  aware  that  there  are  excellent  manuals  on  the  subject  by  Bii.ith 
authors,  but  none  of  them  nppenrs  to  me  to  cover  the  ground  so  fully,  m 
authoritatively,  and  so  originally  as  Dr.  TinelN. 

The  continental  clinic  system  makes  it  possible  for  the  clinician  to 
investigate  a  far  larger  number  of  cases  than  under  our  own  individualistic 
methods.  I  hope  that,  with  the  return  of  peace,  the  rli-iic  system,  intro- 
duced in  a  modified  form  by  my  colleague,  Mr.  James  t^erry,  at  the  Royal 
Free  Hospital,  will  be  continued  and  expanded. 

I  have  endeavoured  to  adhere  closely  to  Dr.  Tinel's  text.  If,  how- 
ever, I  have  failed  to  reproduce  his  meaning,  the  responsibility  is  certainly 
mine,  as  his  book  is  most  lucidly  written. 

I  have  throughout  preserved  the  term  "griffe"  rather  than  use  the 
rathe-  doubtful  translation  "claw,"  and  in  one  ur  two  other  cases  where 
transktion  did  not  appear  to  be  helpful,  I  have  retained  the  original  word. 
I  wish  to  thank  Mr.  Rothwcll  for  great  help  in  the  rev  ision  of  the  proofs. 


CECIL  A.  JOLL. 
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HREFACK 

-vx-  wou,.d,  brought  i„,o  our  hi,;;,!  """""  ^■"*"  "'  ''*^'»''"'-' 

uncertainty  „f  our  chnicV    ml    li      ^'       .   "  '"•'"''■''    '"  "'''''■»'»".  ""c 

•••e  lesion,  wa.c«mpic.:,;l'':tr'^  ■'♦"'«  "••«-«  '" 

Suddenly  wr  fo  .,  I  .      '  "'""I'e"'"^^  «*pcct  of  the  prohlcm. 

one  -ot.JtCi;':!;:;^:;;.;-;^^''-^'''  ^'  "•->  •^•-  -""' 

"•'crprctin^-  then.,  and  nLv.  ""'  '"^"•■""•"  '"  '^'•■"'"■y'"«  «"J 

«o»uri.-ical  intervem'llj.  I"-o'-"unc,nit  them  amenable  or  „„, 

-j'S:ra:l!!::;L':vr:f''''  ""^ ''-"  ^'^•"«"-'"  -^ «-  variable 

various   modalities,    to    throw      X    Z'  ^T'"  T'  "■■  '"'"*  '"  ""••'> 
««cretorv  or  trophic  di,t  rblce  '     tlT  ''"''''^'"    "'  ^    ^••"""'' 

-arcely  perceptible,  and  abo  e  ;irt.  "  """',"'  "'  "'  °         "'"^- 

*'tl.   tl.e  dete'rmini,,.   iLb,,      li !  e  ,  7  '"'^  "*'  '^'^'^  '       ""'"^ 

understand     the    mechanism   of   ;.  /         •  ""   "''"''•   '"  °fd"  to 

I^wasspeciallvimpot  rVecIV?'""  '^f'T  °^  --P--n 
mical  conditions  wEich  Jither  p Z  t  V'T  "'  "'"'  ""^'  ^■^='^'^  ••"'•^^- 
'runlcs  or  make  this  imj^s  b  /  T  e  "'t/^'^^'"'-'^-''"-'  '"■  ""■•  "crvc 
^-lo.ical  study  and  exEe::;.;^,^^^'";^:;-  ^-'  ^'-d  by 
with  the  part  cular  chirT-r.-r    „*•  "1-ition.     \Ve  arc  now  acqi  ,i„tcd 
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hiuolnjtical    iitft  r>nal'im   which   cither   ciilU   for   or    proM-rihc-   »urniciil 
interventivi. 

In  a  word,  the  wine  histological  and  cxpcrimcniat  ditcoveiir    have 
enabled  ur  to  »p«r<-ify  th?  nnrmal  condition*  of  operation  |   they  h*v 
dcmonntrat       .It-   ill'-  'al   ni.t  ire  and  the  u»clc«ineM  of  certain   inter 
veniioni,  the  urilit,    •     •M'<n  t ilc of  othert  j  they  have  not  only  encourancd 
the  praitiic  of  iiim|tie  liber. :Uhu  and  of  nerve  »uiureis  but  the.  have  al»o 
enabled  us  to  throw  lighf  on  many  aspect*  of  turiiical  technique. 

For  lony:  month*  all  the  laboratories  clinic*  and  neurological  centre* 
of  our  country  have  given  themselves  up  to  ihc*c  investigation*,  tliu» 
carrying  out  a  ta«k  which  has  completed  the  unwearied  labour*  of  former 
hi»tologiM!»,  phy»iol<^ist*,  and  clinician*. 

WhiKt  it  must  be  confc**cd  that  ail  our  pioblcns  have  not  •«  been 
completely  solved,  and  there  arc  Mill  many  obscure  point*,  all  the  *amc 
it  may  be  affirmed  that  th'.  main  lines  to  be  followed  have  now  been 
traced.  The  time  h.i*  tome  to  unite  in  one  book  the  many  invcstig  on* 
which  form  the  basis  of  thi»  new  work. 

It  must  indeed  be  recognised  th.it  these  ideas  of  nerve  p.ithoIog- 
anatomy  and  physiology,  have  not  yet  gone  far  beyond  the  sphere  of  the 
neurological  ami  surgical  centre.  Ner»e  wound*  are  still  a  mysterious 
and  disturbing  problem  to  many  doctors.  And  yet  it  is  important  that 
these  fundamental  principles  should  be  known  to  all.  Nerve  lesions  must 
not  continue  to  remain  unknown  in  the  routine  of  hospital  life. 

No  longer  must  there  be,  for  whole  month..,  useless  electrical  or 
m.issage  treatment  of  complete  nerve  sections,  o'  the  unnecessary  excision 
of  nerves  simply  compressed,  irritated,  or  in  a  fair  way  toward*  natural 
recover)'. 

Regarding  .le  prognosis  of  nerve  wounds,  or  of  the  ojK'ratioiis  on 
them  which  are  frequently  necessary,  wc  must  not  allow  opinions  to  be 
established  th.at  are  incorrect,  discouraging  in  their  pessimism,  or  dangerous 
in  rheir  optimism. 

Above  all,  wc  must  not  regard  as  nerve  lesions,  functional  paralysis 
and  disability,  the  cure  of  which  is  so  e.isy  when  a  timely  diagnosis  has 
been  made. 

In  a  word,  it  is  not  suiKcieiit  that  all  docto^^  and  surgeons  should 
scrupulously  conform  to  the  indicati.  ^  of  •ieurol<,g„ts ;  they  must  also 
be  co-workers.  This  is  liie  best  mi  <•(  multiplying  observ.itions,  of 
recording  both  clinical  data  and  therapeutical  indications,  and  of  aining 
not  only  the  best  r^iults  tor  the  wounded,  but  also  a  solution  of  i.roblcm* 
on  which  full  light  h.is  not  yet  been  thrown. 

It  is  for  this  rc.ison  abo\c  all  that  I  rcganl  the  publication  of  the 
present  work  .-is  necessary. 

It  will  sho-v  doctors  how  almost  all  clinical  problems  m.ay  be  viUed 
by  the  aid  of      few  \ery  simple  facts  of  general  anatomy  and  pinsiology. 
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PREFACE 


I  am  glad  to  sec  once  more  verified  the  rule  which  I  have  always  followed 
rSy         '"  """°^  "'^•^  "  '"^  ^""■■"'  -"~'°gy  wiLut  eS 

We  shall  also  see  that  we  need  only  have  recourse  to  the  elements  of 
histology  and  nervous  physiology  in  order  to  deduce  therefrom  th^lSc^l 
rules  of  physical  or  surgical  treatment.  ^  "' 

Consequently,  I  cannot  sufficiently  congratulate  the  author  of  this 
work  on  his  constant  endeavours  to  call  attention  to  the  knowlle  of 
anatomy,  physiology  or  histology,  necessary  for  an  interpretation  o'f  the 

His  remarkable  qualities  of  exposition  will  also  be  noted.     One  must 
be  a  thorough  master  of  one's  subject  to  compile,  from  an  enormou 
ma^  of  observations  and  documents  of  every  kind,  a  book  thatTsTlS 
perfectly  clear  and  scrupulously  exact. 

The  wealth  and  choice  of  the  information  offered,  the  carefully 
ITe  t  ?°*°e'-"P''^  »'"'  'r"°-  -•-  'I'-ag-ms,  make  this  volume 
a  fine  study  ,n  symptomatology,  of  great  educational  importance,  and 
one  which  completely  fulfils  the  purpose  aimed  at  both  by  the  author 
and  by  the  publishers.  ^  -tutnor 

It  is  a  pleasure  for  me  to  have  encouraged  the  idea  of  this  work  ind 
witne^  Its  realisation.  Written,  so  to  speak,  in  my  ver^  Prrence  ft 
IS  a  faithfol  ,V,«W  of  the  investigations  entered  upon' in  my'sTrvke  by 
all  my  fellow-workers  of  the  Charcot  Clinic.  ^ 


Paris 


J.  DEJERINE. 
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INTRODUCTION 


The  number  of  peripheral  nerve  wounds  in  warfare  is  considerable  :  this 
has  been  one  of  the  surprises  of  the  present  war. 

Lesions  of  the  nerve  trunks  in  traumatisms  of  the  limbs  cannot  be 
estimated  at  less  than  1 8  to  20  per  cent.,  and  this  proportion  increases 
if  we  leave  slight  wounds  out  of  account  and  considi  -  serious  traumatisms 
frequently  involving  one  or  more  nerves. 

This  consideration  is  most  important ;  in  every  wound  all  the  nerves 
of  the  wounded  limb  must  be  systematically  examined.  An  early  diagnosis 
of  nerve  lesions  will  alone  enable  one  fully  to  appreciate  the  gravity  and 
consequences  of  the  wound,  to  formulate  an  exact  functional  prognosis 
I  and  institute  proper  treatment.  By  surgical  intervention  at  the  right 
I  moment,  by  judiciously  employed  electrical  and  mechanical  treatment, 
I  an  early  diagnosis  of  nerve  lesions  will  enable  one  to  reduce  to  a  minimum 
one  form  of  incapacity  following  on  war  wounds.  On  the  other  hand, 
an  imperfect  knowledge  of  these  nerve  lesions  may  have  grave  results  ; 
It  may  cause  erroneous  or  unjust  calculations  as  to  the  degree  of  disability 
the  patient  will  suffer  in  the  future,  make  the  prognosis  of  the  wounds 
worse  by  the  absence  of  the  necessary  treatment,  or  render  irreparable 
cases  of  paralysis  which  ought  to  have  been  cured. 

Any  nerve  may  be  affected  by  war  wounds ;  speaking  generally, 
statistics  show  a  certain  preponderance  in  nerves  of  the  upper  limb, 
amongst  them  the  musculo-spiral  nerve.  Our  own  statistics  enable  us  to 
form  some  idea  of  the  relative  proportion  of  the  different  nerves  affected. 

From  the  639  cases  inxestigated  in  this  work,  we  reach  the  following 
results : — 

Upper  Limb. 

Musculo-spiral     . 
Ulnar 


Median 

Musculo-cutaneous 
Circumflex 

Lesions  of  the  brachial  plexus 

Combined  serious  lesions  of  several  nerves  of  the 

upper  limb 


146 
84 
67 
II 
25 
27 

48 


Total     408 
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Lower  Limb. 

Anterior  crjral    . 
Long  saphenous  nerve 
Sciatic  (trunk)     . 
Internal  popliteal  nerve 
External     do,         do. 
Posterior  tibial    , 
Musculo-cutaneous 
Anterior  tibial 
Short  saphenous  nerve . 
Obturator  . 
External  cutiineous 
Ilio-inguinal  nerve 
Lumbo-siicral  plexus.    . 


It 
»4 

78 
29 

37 
18 

7 
4 
9 
I 

3 
I 

>9 


and  physiology  of  the  nerves.  "knowledge  of  the  anatomy 

Dcjcrine,  inspiring  the  works  of  their  pupils    Andr/.  Th  r  ' 

Mouzon,  etc.;    the  brilliant  investiJtions  of  P    M  ?  u'^""''"'''^' 

Mcige,  Foix.  Mme.  Athanassi^-EeS  e.c  L  re™"  Tk  '"*  !^'''' 
Babinski  and  Fro.nent,  „f  Clauderof  sl  a;d  nTft  S  1"  I,?  °' 
assistants;  and  the  histologic.,1  researches  of  Nag^otte  etc  '    '^ 

ot  the  /?,.«,.  \airolog,quc  devoted  to  war  neurology  "umoers 

io  this  cordial  and  unceasing  collaboration  of  neurologists  and  «.r 
geons  we  are  at  present  indehfpH  for  »k  •   """^'^S'*'*  and  sur- 

and  complete  infoLtionoiie  wounds  TT°",  °' '•'^""'•^""^  «-' 
that  h.-u  thus  come  into  beinH  nee  tTetr  h  T""'  "  .'""  ^''^"" 

already  surpass  our  most  e„th.J^;"  :^;S.Sd  l^r'^  "'  ^^'^^ 


NERVE    WOUNDS 

PART  I 
A  GENERAL  SURVEY 


CHAPTER  I 

NERVE  LESIONS  RESULTING  FROM  WOUNDS 

The  peripheral  nerves  may  be  wounded  either  directly  or  indirectly. 

Directly,  the  wound  may  be  made  by  a  bullet  or  by  a  shell  splinter, 
when  the  nerves  are  sectioned,  torn,  perforated  or  crushed  by  the  pro- 
jectile ;  they  may  be  pierced  by  small  splinters  which  remain  within  the 
nerve  itself ;  they  may  also  be  contused  by  the  shock,  spitted  by  a  bony 


I  «  3  4 

1"  1';.  I. — I'nn'.iis  lypi!  of  mrvc  sidioiis.  —  i.  I'liial  scition  with  separation  ot  the  seg- 
ments. 2.  Union  ot  the  sesnienis  hy  tibious  eoril.  3.  Partial  section  ;  persistence 
ot  a  portion  ot  the  nerve,  4.  Total  section,  union  ot  the  two  seginenis  by  cicatricial 
formation.  In  every  case  there  are  touml  two  swellings  :  neuroma  on  the  central  enil, 
giioma  on  the  peripheral  eiiil. 

splinter,  compressed  by  a  fractured  bone.  They  may  be  stretched  or 
even  torn  away  by  violent  traction  :  this  frequently  happens  in  lesions 
of  the  brachial  plexus.  Finally,  they  may  be  infiltrated  by  an  interstitial 
traumatic  hemorrhage  of  the  nerve  trunk,  which  itself  is  in  a  contused 
state. 
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Indirectly,  the  peripheral  nerves  may  be  surrounded  by  callus  or  shut 
in  bv  cicatricial  fibrous  tissue.  , 

The  macroscopic  lesions,  resulting  in  these  diflFerent  ways  may  be 

reduced  to  a  few  types. 

Complete  or  partial  sections,  with  separation  of  nerve  segments  or 

else  with  interposition  of  cicatricial  tissue. 


I>  !1 


section      5.  Partial  neuroma  afttr  cruKhmg  a  portion  of  the  nerve 
Tearings  cru^hings  or  perforations  attacking  the  whole  or  part  of  the 
nerve  with  interstitial,  total,  central  or  lateral  neuroma. 

cZZions  or  ,/r«W«/«W.«.  over  a  greater  or  less  extent ;  somet.me 
there  Sound  strangulation  by  simple  fibrous  band,  produang  above  the 


has   ,.r...l»cc.l    a    P^«="^"-"V'™"'-.  %-!rit  t^^  ,uZ  'tart  o" 'th.  i^mlo-neuroma 

constriction  a  swelling  which  may  occasionally  disappear  immediately  after 

the  liberation  of  the  nerve.  , 

cTusio,.  or  attritions  of  the  nerve  are  most    frequently   shown    by 
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hemorrhagic  or  fibrou.  infiltrations  which  probably  correspond  to  two 
suc"^ive  stages;  in  ah  likelihood  it  i«  the  interst.t.al  hemorrhage  of 
the  ^^e  for  the  most  part  which  in  the  long  run  produces  the  fibrous 

'"^Tbio^  hemorrhagic  infiltrations,  like  the  compressions  with  which 
they  are  often  allied,  would  seem  to  be  the  most  frequent  cause  of  nerve 
citations  of  a  neuritic  type.  All  the  same,  there  ex.st  >"'»-;;  -7- 
times  very  intense,  in  which  the  macroscopic  appearance  of  the  nerve  is 
aWluIel/ normal.  This  is  ordinarily  the  case  in  simple  neuralgia  and 
even  in  violent  neuralgia  of  a  causalgic  type. 

Almost  always  the  wounded   nerve  shows  not  only  >«i°"»  "^  '^^ 

nerve  itself  but  also  important  changes  in  its  coverings  and  in  the  sur- 

".Iding   tissues;  thickening  of  the  neurilemma  which  may  even  con- 

imte   a    voluminous   fibrous  sheath    for   the    nerve  ;  cicatricial   fibrous 


n,X  with   hemorrhagic  infiltration,     j  an.l  +.  LonR-stan.l.ng  brmse,  «.th  hhrous 

anil  neuromatous  infiltration, 
transforni.tion  by  injury  to  the  neighbouring  connective  or  muscular  tissues, 
of'en  f.        iig  an  enormous  fibrous  mass  in  which  the  nerve  is  as  it  were 
swallo       .  up  and  is  frequently  very  difficult  to  recognise  and  isolate. 

Every  wounded  nerve  is  habitually  the  scat  of  a  more  or  less  bulky 
neuroma  or  psemlo-neuromti. 

We  give  the  name  neuroma  to  the  tumour  which  essentially  consists 
of  the  local  proliferation  and  entanglement  of  the  regenerated  nerve  fibres. 

The  neuroma  invariably  indicates  an  interruption  of  the  nerve  fibres 
.nnd  an  obstacle  to  their  progress.  A  neuroma  is  found  on  the  central  end 
of  the  sectioned  nerves  or  else  above  the  fibrous  cicatrix  resulting  from  a 
tearing  or  a  perforation  and  opposing  the  regeneration  of  the  axis-cylinder 
(Deierine's"  nerve  keloid").  ...  1 

On  the  other  hand,  the  tumours  formed  by  thickening  of  the  envelopes, 
by  hemorrhagic  or  fibrous  infiltration  of  the  nerve,  by  proliferation  ot  the 
nenrot;lial  elements,  are  pseudo-mnromata. 

P^eudo-nmroma    resulting  from  hruhlng  takes  place  in  contusions  and 


■i    J 
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fihrw  i  there  «  never  any  occasion  to  make  a  nerve  resection  at  fhem«t 
a  Lbcrafon  may  be  needed  ,  spontaneous  regenerati^  irZ.t  ^crtaTn* 


HISTOLUulCAL  STUDY 


I.-PROCBSSBS  OP  DEGENERATION  AND  OF  REGENERATION 

A  microKopical  study  of  the  wounded  nerve  enables  us  to  analyse  the 
proceMcs  of  degeneration  and  regeneration  <>f'  the  nerve  trunks 

Defeneration. — It  is  a  fundau^ntal  and  absolute  principle  that  every 
interrupted  nerve  fibre  undergoes  centrifugal  degeneration  of  the  peripheral 
segment  below  the  interruption.  This  is  the  phenomenon  of  If'ulltrian 
dfgentrathn. 

There  is  no  exception  to  this  rule :  every  nerve  fibre  separated  from 
its  trophic  centre  (the  anterior  horn  cell  in  the  case  of  the  motor  fibres, 
the  cell  of  the  posterior  root  ganglion  in  the  cisc  of  the  sensory  fibres), 
inevitably  degenerates  ;  even  immediate  suture  of  the  nerve  trunk  cannot 
prevent  this  degeneration. 

Experimental  investigations  have  thrown  light  upon  the  successive 
phenomena  which  arc  seen  during  this  degeneration  of  the  peripheral 
segment.  The  axis-cylinder  is  seen  to  assume  first  a  fibrillary  apiiearance, 
then  to  split  up  into  sinuous  fragments,  to  become  thin  and  finally 
disappear  altogether. 

At  the  same  time  we  note  the  progressive  transformation  of  the  myelin  ; 
it  loses  its  chemical  characteristics  and  comes  to  resemble  the  neutral  fats, 
it  also  becomes  stainable  by  Marchi's  method.  The  myelin  sheath  swells  in 
places  and  becomes  irregular,  sinuous  and  beaded  ;  it  splits  up  into  lumps  or 
droplets  and  at  last  completely  disappears,  absorbed  and  eliminated  by  the 
leucocytes. 

Lastly  we  witness  a  rapid  multiplication  of  the  nuclei  of  the  sheath  of 
Schwann,  the  proliferated  cells  of  which  unite  with  the  neighbouring 
connective  tissue  cells  and  with  the  leucocytes  to  absorb  the  split-up  myelin  ; 
these  arc  the  granular  bodies  which  effect  a  veritable  clearing-up  of  the 
region,  and,  filled  with  the  droplets  of  degenerate  myelin,  are  eliminated  by 
way  of  the  lymphatic  and  the  blood  streams. 

The  interrupted  nerve  fibre  then  consists  only  of  a  v.nguc  protoplasmic 
frame,  surrounded  by  the  multiplied  cells  of  the  sheath  of  Schwann.  This 
is  an  empty  sheath. 

Such,  as  a  whole  and  in  schematic  fashion,  is  the  process  of  Wallcrian 
degeneration  of  the  peripheral  segment.  It  occurs  within  a  few  days,  two 
to  three  weeks  at  most,  culminating  in  the  inevitable  destruction  of  the 
nerve  fibre  below  the  interruption. 

Whilst  the  peripheral  segment  is  degenerating,  the  central  end  remains 
almost  intact.  Nevertheless  it  also  undergoes  sliirht  degeneration,  though 
confined  to  a  few   segments  above   the    interruption  ;    the   evolution    of 
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rti.  degencr.,ion  i.  ,lmfl.t  tl      «me  *,  th.t  of  ,he  peripheral  .«gme„t 
Thi.  «  «Mrendrng  or  retrograde  degeneration.  ^ 

di.turwTn'l"''"'r'''t  ""''"• '!""^'"''    ""''"^"^   «"«'•"   ^'iKh' 
a.«urbances  an  echo  of  the  pcripherial   traumatism,  the«:  disturbance. 

Nr:.:':ruir  'v'''^"''"?"'^  "-'-^  -«'  •"«  chrom.toiy,;;of 

u^lJTl     f  '^'"*  ''"^''  ""*""  '"  "•''^  incapable  of  entering 

upon  the  work  of  regeneration.     Only  after  a  few  dayn  doe»  it  resume  itJ 

zxs:::''""'  ^"-^  "*  '^'^""^  ^"""-  •'^  .h/regreratrrt;*: 

r.„i?*'*"!!*"'""T^'";  "^^'"'""  ""'""  "^  "»«  '*"'""«''  nefvw  i*  very 
rapul ,  ,„  three  or  ...ur  dayn  at  m.M  it  is  brought  about  between  the  J. 

reun-erat  "■  J. '''\^'«'"'"?.  however,  of  the  separate  segments  i.  not 
regeneratmn,  which  ,s  more  tardy  5  it  does  not  begin  until  a  few  days  have 

«gme„t  ""'™'  ""'  '"'"  '^'  ""P'y  ^''""'^  "f  'he  peripheral 

nrnlJ*  '!'  ,""■■  P*7''f'»'  ""*«'.  ^  al»o  among  the  Mrar  tissue  we  have  the 
proliferated  cells  of  the  sheaths  of  Schwann,  cells  of  the  neurogliVwh  ch 
seem  to  attract  and  direct  the  regenerated  axis-cylinders.  ^     ' 

:?^S;l.:;::,;^'  "-''  '--  •^^"  "--''  by  numerous  experiment,. 

dividln^l't  f"/"""''  •''"^^  '"'■■  **'  i'"'  ^-cylinder  of  the  central  .nd 
dividing  at  Its  termination  into  very  fine  fibrils  which  slowly  progress  right 
to  the  level  or  the  section.  cr.«sing  the  /.one  of  retrograde  degeneration 

They  proceed  acr,«s  the  "soldering,"  attracted  and  guided  by  the 
masses  of  neuroglia  cells  :  they  setter  about  as  though  seeking  the  cellular 
cords  representing  the  empty  sheaths  of  the  peripheral  segment  •  they 
penetrate  into  these  sheaths  or  course  over  their  surfaces  ^  the      low  y 

who*  branches  they  follow  to  their  motor  or  sensory  endings. 

Whilst  these   regenerated  axis-cylinders  are  progressing,  their  mvelin 
Shaath  IS  gradually  being  reconstructed  and  they' intensibly  rc-suL    h 
normal  structure.  ^ 

Only  by  this  work  of  progressive  regeneration,  we  must  rcpe.it.  is  the 
periplieral  segment  reconstructed  ;  there  is  no  other  method  of  regene^atiln 

millimeirr'"'^  '  •''  ^  "'"  "^"""j'  ^^"^  '""^'^  '''»»  ""«••  "'  two 
miUimetres  per  d.iy  m  favourable  cases,    more  rapid   in   the  young  .-.nd 

W  in  those  who  arc  older.     The  consequence  if  that  the  regen  rati! 

ot  he  nerve  alw.,ys  demands  considerable  time.  It  must  alsoV-  add^S 
ha  e  restoration  of  the  functions  of  the  nerve  takes  place  much  later 
ban  IS  anatomic  regeneration.     It  requires  the  reconstruction  of  the  nerve 

termmuimns  and  their  |H:rfect  functional  adaptation. 
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All  ihoiic  cxte%  in  which,  within  a  few  day*  or  even  i 
functional  restoration  of  a  Mctionctl  nvrvc  it  <>tatetl  to  have  taken 
HMnilettly  error*  of  interpretation,  cauaeJ  mo«t  frv()uently  by  th> 
icntcKy  tubMttution  of  neighbouring  nerves. 


<ur>,  the 
\ke,  are 
lotor  or 


litmtiitat- 


...vli. 


lit. 


turratf 

.,u,   .dl>. 

fi.   Pro- 

jural  cml. 

CWltlrilllKHl. 


¥\c..  5. — Degemralion  nnJ  n^i  inrnlion   of  iiinli 
Ihf  axi»-<vlinilir  ami  mvillmi;  nt  the  inyt-lin. 
jwtlling  ami  dUplaciimnt  i.t  tlic  myelin.     Proliri;ratioii  ot  s. 
J.  Ulsa|>iKaramc lit'  thcaxis-iylimlcr ;  ■•,\A\n  Imlbs ;  proliUrai' 
Rf-";;railc  ilf^'iiicration.    +.  Kiiniiaiiun  of  j>raiiular  IkhIicj  ;  i 
myelin  by  phadoiytts,     StiMcriiiK  iit  fra«nuiit»  hy  inolit.  rat> 
Rctriigrailc  iliKiiicratiim.     5.   Bf«innin;;  of  rigi'mration  in  il     ' 
((rewiiin  of  lilt'  nutniTatnl  axis-iylinilir  in  the  imply  sliiuii 
7.  Regeneration  of  the  prri|iheralsrgimnl.    C'lniinienimunt  nl  i- 

II.- DEFECTIVE  REGENERATION— NEUROWATA 

In  order  that  regeneration  of  the  peripheral  sejimeiit  m:i)  occur,  he 
two  segments  must  remain  in  contact  with  each  other,  or  at  all  even  it 
no  great  distance  apart  ;  it  has  been  shown  th-tt  repenerati  .1  axis-cylinders 
are  capable  of  traversiiiii  a  certain  di^taIlce,  attracted  by  the  neurotnipism 
of  the  peripheral  end. 
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.„...'l""  .T'   .!"  i*  T  ''•"'•  "'  ''  ""  «i-c,linder.  encounter  .n 
riT""r  ■"''  "^'rr"  "•'  "^"  "'«•"«"'^  regen.,«io„  of  ,h« 

Thr  axiv^ylinder.  of  the  centr«l  end  proliferate,  but,  heing  inciMhle 

rhVcTIn''.:  *""":".'  ''"  r^''"'  '♦^•""'"^  thcy'w,nder.boS  in 
rli        .?  , '"''."''  r^'^'  '*""'  "''*»""•  ""y  ^'"^•-'  «  'he  «• 

"r«ga.„.  ,h.v  «rc  rolU-d  u,„.n  »nc  another  in  npinh  and  return  to  their 
»tortinK  pomt,  tracing  the  curi.m*  figure*  de^ribcd  by  Puroncito 

.iv.;';/i     J"****  "'"''  ''  *"  '""""'"  «  "'(-'«"'"=«'"".  though  ineffec- 
tive s  It  K  abortive  regeneration. 

ThU  fruitier   regeneration,  resulting  from   a  bad   coaptation   ..f  the 
^gments  m„.t  not  be  mistaken  for  absence  of  regeneration.     The  latter, 

K.ul  ,    olely  from  .-nou,  disturbance,  in  the  nutrition  of  ,he  nerve  cell 

r.ade.j;!;.!' '' '" """"  '""■* "'  '""""'• "»'"'"''"°"  •*  »•-  '-'•^  -•' 

con^Hur'e^^^^  "  "  ""  ''''"''^  ^'■''""'•■"-  -"^   »'-  '"'-» 


=      I 


III. -HISTOLOGICAL  LESIONS  CAUSED  BY  NEi*VE  WOUNDS 

VVe  h,-,ve  summarily  described  the  general  pr.Hci.ses  of  degeneration 
and  regeneration,  as  elucidated  by  ex,H.Tiinenea.  investigati..ns 

I  he  Icnovyledi-e  acquired  will  enable  us  re.idily  to  interpret  the  variable 
and  complex  histological  aspects,  encountered  in  traumatic  lesions  of  the 
nerves. 

1.  SMtlon—Section  of  the  nerve  trunks  presc-nt*  the  simplest  feature* 
tor  histological  study, 

«„  ll^ll"'"'  """"".'f"'  '"/  "'"''"'■"•''  "'■"'"'^••'.  formed  by  uie  winding 
and  ro!l,„t,  ,.t  the  prolKcrated  axis-cylinders  :  this  is  the  classic  amputati..., 
neuroma  ' 

More  or  less  bulky,  this  neuroma  appears  in  section  as  m.ide  up  of 

int-icate  nerve   fibres  or  even  of  regenerated   nerve   fasciculi.     Some-,  in 

ong^udinal    section,  app..   sinuous    -nd    irregular ;    the   rest,  sectioned 

.•,nsversely,.r  obliquely,  hll  the  cle.-,r  spacc-s  which  seem  hollowed  out  in 

the  mterstitui!  hbrous  tissue. 

All  these  nerve  fibres  arc  embedded  in  a  fibrous  tissue  which  is  more 

I'ioi,  of  r"'  ''"'"     i    ''n"'  '"""'^'""  ^■^■"''  '•■•^"'"■"^'  '■"""  "'^-  '""Ifplica- 

pccially  grouped  along  ,..e  nerve  fasciculi  of  which   they  really  com.x^e 

the  connective  tissue  framework.  "■ih»c 

The  nerve  fiba.  cf  the  ncuiomu  are  already  myelinised,  but  they  are 
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irrefculiir  ami  often  beaded  t  we  find  in  juxiapo«itinn  adult  ftbrei,  already 
bulk^,  and  very  olendvr  and  Marcety  myelini»ed  younK  fibre*. 

Above  where  they  enter  in  the  neuroma,  the  nerve  fibre*  of  the  central 
end  almmt  alwayn  »hov«f  abnormiil  feature*  ;  M>me  have  underjtone  fibrillary 
iranvformaiioi),  other*  are  irrcjtular,  and  iH>inetime»  pre<>eni  a  barbed  a»pect 


Kl(i.  6,—Tirmmul    ihuramn  of  the   tiMtral  ih.I. — TwiMing   up,    );roii|iiiit;   ami    inter- 
iniiiylinj;  ot'the  timiiiili  nf  rfgiiu-ratnl  axi»-t)li;;ili.is.    Certain  ta«ciciili  an-  wiiioniil 


lonjjituiliiially,  mliirs  iransnTMly.     Tin  y  arc  iiiibnldnl  in  rathtr  <ltn»c  fibroin  tiuue, 
intiTii|irr«-il  with  tlu  (iioliti  ralrii  iilK  ot  the  fhiath  of  Sch* 
c>t  «liiili  ariKiiipany  tlic  mrvt,'  taMiiiili. 


hwann,  thr  iclliilar  luliiinni 


of  which  wc  shall  spcalc  later;  others  have  unilcrtione  a  kind  of  swelling  of 
their  mvclii),  giving  thcin  a  vacuolated  appearance. 

To  sum  up,  these  features  are  but  the  remains  of  retrograde  degenera- 
tion, or  the  manifestations  of  regenerative  activity. 

The  |K-ripheral  segment  aUo  presents  a  swelling,  usually  less  bulky, 
this  is  a  false  neuroma,  a  Kliimu,  as  Nageot'e  h.is  shown,  comixjsed  solely 
of  tiie  excessive  proliferation  of  the  cells  of  the  sheath  of  Schwann. 

These  neuroglial  cells  are  cle.-irly  to  be  seen,  at  the  lower  part  of  the 
glioma,  set  out  in  parallel  groups  c#irrcs(v>n<ling  with  the  site  of  the  nerve 
fasciculi  that  have  disappeared.     At  the  upper  part  of  the  glioma,  the  cells 
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1! 


Of  the  sheaths  of  Schwann  usually  constitute  more  bulky  and  irrenilar 

ce  u t;  IT"'  '■""'['■"^    'r  ""'-'"'"^''  proliferation'    Gro  "Td 
cellar  masses  are  plunged  in  a  fibrous  stroma,  which   is  more  or  ]^ 

be  llunl  """T  ;'  ""'  r  "^^'  """"^  °^  degenerate  nerve  fibres  may  still 
De  found  ni  the  form  of  ««Kranular  bodies"  l„l„..      -.k  i-        "' *"" 

with  seri«  „f  Kl„-t      f         ,         ,,  '""^"  ^"'i  myehn,  or  even 

with  ser.es  of  blocks  of  myel.n  st.ll  tracing  the  course  of  the  nerve  fibre. 


:"Tomnanyehecmmvsh'aths  Arr^  !>ch«an.,  ormins  cellular  columni  which 
lower  pare  nttl.ril,a  •,,  i>  ^'^""«^'"'"'.'"  |ell.,lar  .olumns  is  fairly  r^^ularat  the 
cells  fin,;'  bulky  m  «  il/wh  ^h  .Kwcnla'  "'^"  "''s'''--!"'-'  "f  "-e  secio"  .he 
Beluw,  so.„e  granular  bo  li^s  a.len  „>  .  T  """S'"'^!"  '"  ■">  'o-gT  re.ognise.l. 
plcely  elimiua.cl.  '       '"  "'"'  ''^'K^""'"^-  ">yel.",  Lave  no,  ye,  been  com- 

2.  Complete  interruptiom  without  break  of  continuity  of  the  nerve  - 

level  of  th     '      T    .  "'"*''"'■  ''"--P''""  «*•  the  nerve  fibres.     At  the 
^vel  of  the  wound   tiKTc  ,s  observed  a  more  or  less  irregular  neuroma 

and  the  grouping  of  regenerated  axis-cvlinders  * 

1"  very  schematic  fashion,  three  different  zones  in  this  neuroma  may 
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ular 
and 

less 

still 
ven 
e. 


be  described  :  a  middle  zone  of  nerve  jdestruction  and  of  fibro-cicatricial 
scar  tissue  constituting  the  obstacle,  this  is  the  nerve  keloid  of  Dejerine  ; 
an  upper  zone  where  the  regenerated  axis-cylinders  are  piled  up  and 
grouped  above  the  obstacle  ;  and  a  lower  zone  of  neuroglial  proliferation 


Fir,,  g. — Complex  neuroma. — Al«ivt',  ptnctratidii  ot  tlit-  iviilral  eiul,  the  majority  <>f 
wh<»sc  fibres  have  umKTj;oiie  tihtillary  transtorniatiim  Some  (ibres  are  rolleil  in  spiral 
tiinii  above  the  neiiionia.  In  the  mi<liile  pan,  neuroma  mailc  up  ot  the  intererossins 
anil  sronping  ot  axis^eyhnder  taseieuli  (lilires  seelioneil  U)nKiliuliiially  or  transversely). 
In  the  lower  part  of  the  neuroma  is  toinnl  a  ilenser  fibrous  tissue  whieh  probal>ly 
represents  the  cicatrix  of  the  wonml.  Kelow,  the  eells  of  the  empty  sheaths  form 
cellular  columns,  the  proliferation  of  which  t<irins  on  the  left  a  veritable  ■rlionia.  On 
theright.a  few  regenerated  fibres  have  succeeded  in  passing  into  the  peripheral  (^semi- 
dia^'rammatic)  segment. 

where  the  cells  of  the  sheath  of  Schwann  form,  iti  tiic  neighbourhood 
of  the  wound,  bulky  and  disordcrlv  cellular  masses,  to  resume  in  the 
lower  part  of  the  neuroma  the  more  regular  aspect  of  cellular  columns 
corresponding  to  the  dcgcncr.itc  nerve  f.isviculi. 

In  reality  these  three  zones  arc   seldom  so  distinct  ;  thev  are   partly 
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confused  and  entangled,  constituting  a  complex  neuroma,  in  which  it  is 
difficult  to  distinguish  what  results  from  each  of  the  three  processes 
analysed  :  fibrous  cicatrisation,  regeneration  of  the  central  end  and 
degeneration  of  the  peripheral  segment  with  cellular  proliferation. 

The  notion,  however,  of  the  cicatricial  fibrous  obstacle  interposed 
between  the  two  segments  is  a  very  important  one.  Whether  this 
cicatricial  formation  is  clearly  limited  as  is  sometimes  seen,  constituting 
a  sort  of  fibrous  nucleus,  or  whether  it  is  diffused  and  extends  over  almost 


—  TlC  °'"""'°'"''  "'"'""S pom  /"■«/«».?.— Nerve  fasiiniliis  containetl  In  a  cica- 
tricial hbrous  mass.  The  nerve  fibres  are  not  interrupted,  but  they  are  greatly  altered. 
Most  of  them  have  undcrftone  fibrillary  transformation  and  have  lost  their  myelin.  Others 
have  presene.1  their  normal  volume  :  some  are  swollen,  irrefcular,  beaded  ;  others 
have  assume.!  a  special  appearance, bristling  with  thorns  (which  probably  represent  the 
.lissocialion  and  impregnation  of  the  incisures  of  Lantermaim).  barbed  in  appearance. 
I  he  laminatnl  sheaths  which  separate  the  nerve  fasciculi  are  ..  '.),.ated  and  thickened, 
but  they  have  not  undergone  any  rupture  which  permits.  lij  egicss  of  the  axis- 
cylinders;  by  them  the  rrgeneratc.1  nerve  fibres  are  readily  conducted  towards  the 
peripheral  enil. 

tiic  entire  neuroma,  it  always  sets  up  an  oh^tacle  to  the  progression  of  the 
axis-cyiinders  ;  on  the  extent,  thickness  and  density  of  the  c.atricial 
fibrous  tissue  depends  the  regeneration  of  the  peripheral  segment. 

If  the  nerve  fibres  are  able  to  pass  the  obstacle  or  turn  round  it  and 
rejoin  the  empty  peripheral  sheaths,  spontaneous  regeneration  is  possible  ; 
the  neuroma  is  permeable  to  the  regenerated  axis-cyiindcrs. 

It  the  fibrous  tissue  is  too  dense  or  of  too  great  extent,  t!ie  neuroma 
IS  impermeable,  spontaneous  regeneration  is  impossible ;  surgical  inter- 
vention must  remove  the  obstacle  and  restore  coaptation  between  the 
two  segments  by  resection  and  suture  of  the  ner^c. 

3.  Pseudo-Heuroma  rcBtilting  from  Bruiging.— In   certain   contusions 
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or  compressions  of  the  nerve,  one  may  observe  lesions  that  arc  not  so 
deep. 

What  essentially  characterises  these  lesions  is  that  the  laminated 
sheaths  surrounding  the  nerve  fasciculi  are  not  destroyed,  they  may  be 
infiltrated  or  thickened,  but  they  have  not  undergone  any  rupture  which 
could  permit  egress  of  the  axis-cylinders  and  their  budding  outwards. 
The  frame  of  the  nerve  is,  on  the  whole,  preserved. 

The  nerve  fibres  are  seldom  interrupted,  but  only  injured  at  the  level 
of  the  lesion.  For  instance,  we  find  a  simple  swelling  or  fragmentation 
of  the  myelin,  frequently  even  demyelinisation  of  the  nerve  fibres  ;   the 


Fig.  10. — Hemorrhagic  infiltrathn  of  a  nerve  by  recent  contusion  :  synilrome  of  severe 
nerv-e  irritation.  HemorrhaRe  in  the  sheath  of  the  nerve  and  interstitial  hemorrhage. 
Fibrillary  separation  of  certain  fibres,  beaded  transformation  or  barbed  appearance  oi 
the  other  fibres.     Integrity  of  the  laminted  sheaths  (Bielchowski's  method  en  masse). 

axis-cylinder  may  be  irregular,  beaded,  or  more  frequently  it  is  separated 
into  a  bundle  of  fine  fibrils  ;  very  often  we  find  a  special  appearance 
where  the  axis-cylinder  seems  bristling  with  thorns  which  probably  repre- 
sent the  displacement  and  impregnation  with  silver  of  the  incisures  of 
Lantermann  ;  a  veritable  barbed  appearance  of  the  nerve  fibres. 

There  is  always  an  interstitial  infiltration  of  the  nerve  by  a  more  or 
less  dense  connective  tissue,  with  proliferation  of  the  cells  of  the  sheath  of 
Schwann,  or  agai-  we  encounter  small  interstitial  hemorrhagic  effusions. 
The  envelopes  1  the  nerve  are  thickened,  sometimes  even  the  entire 
nerve  is  embedded  in  a  cicatricial  fibrous  mass  where  it  ^  extremely 
difficult  to  re — guise  it. 

This  causes  increased  volume  of  the  nerve,  an  elongated  or  fusiform 
pseudo-neuroma  resulting  from  the  bruising. 

In  all  cases,  however,  lesion  of  the  nerve  fibres  is  gradually  confined  to 
the  traumatised  zone  ;  the  sheaths  of  myelin  may  have  disappeared  at  this 
level,  without  the  axis-cylinders  being  interrupted ;  consequently  there  is 
no  Wallerian  degeneration  of  the  peripheral  segment ;  at  the  most,  certain 
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fibres,  more  profoundly  affected  by  the  traumatism,  end  by  degenerating 
M«t  of  the  peripheral  fibres  do  not  degenerate  ;  they  sLpTScLtf' 
by  certain  modifications  of  the  mydin  or  the  axiUylfnder,  the  disturb 
ances  to  the.r  nutrition  caused  by  the  local  injury 

Though  the  more  severe  lesion  of  certain  nerve  fibres  m,y  have  deter- 
mmed  their  complete  mterruption,  the  integrity  of  tJ,c  laminated  sheaths 
does  not  permit  egress  of  the  regenerated  fibres;  they  cannot  constit.  !e 
a  eal  neuroma;  they  are  guided  by  the  intact  sh  aths  towards  the 
peripheral  segment.  "■ 

These  lesions  resulting  from  bruising  are  not  generally  accompanied 
by  compete  paralysis;  when  this  latter  exists,  it  assumes^the tTw  a 
special  characteristics  of  the   paralytic  syndrome  of  compressio"      "   i 
usually  mc.,n,pletc,  temporary,  dissociated,  irregular  ' 

Of.  the  „thcr  hand,  it  is  in  these  cases  that  we  almost  always  encounter 
the^syndromeof  nerve  irritation  accompanied  by  trophic  pjns  and  7 

The  nerve  fibres,  having  undergone  simple  partial  and  segmentary 
degeneration,  may  be  reconstituted  on  the  spot,  without  the  nee"!,"  of 
regeneration   by  eruption  of  the  central  axis-cylinder.     They  mnv    hus 

IZ  T  '  r^""  "'"''■  '"""■■°"^'  ''"^  '"^  -'-^  -  find  ircUain 
c^^s^  of  simple  compression  after  surgical  liberation  of  the  comPS 

Still  it  is  not  always  so;  when  the  lesions,  without  being  completely 
destnictive,  are  nevertheless  very  severe,  regeneration  seems  fo  take' plat 
exactly  as  in   cases  of  complete  interruption  ;  the  youn«  axisTvlinders 

and  painful  hbre>  of  the  peripheral  segment.  In  these  cases  of  severe 
neuritis,  regencr.ntion  would  seem  to  be  particularly  slow  and  difficulT 
as  though  the  trophic  function  of  the  cell  itself  were  disturbed  i 
dntamr  by  the  painful  reactions  of  the  affected  nerve. 

IV.-DISSOCIATED  SYNDROMES  AND  PARTIAL  LESIONS 

The  various  lesions  just  investigated  may  frequently  be  found  on  the 

same   nerve   trunk,  giving  rise   in   these  cases    to  dissiiated    syndromes 

elucidated  ,„  the  works  of  J.  and  A.  Dejerin.  and  Mouzon.       '^  ' 

Ihus,  for  instance,  the  same  nerve  may  be  interrupted  in  one  of  its 

parts  and  simply  bruised  or  even  intact  at  other  points 

So  also  certain  groups  of  nerve  fibres  mav  have  escaped  the  more  or 
less  complete  destruction  of  the  nerve. 

Again,  a  neuroma  may  be  permeable  or  impermeable  to  regenerated 
fibres,  or  may  even  be  partialis  permeable.  cgenerateU 

•  •  • 

Whilst  we  are  at  the  present  time  we!!  acqu.'nted  with'thc  hi,ioiomcal 
processes  of  nerve  interruptions  and  regenerations  as  well  as  Jr^ve 
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compressions  and  irritations,  wc  must  at  the  same  time  confess  our  com- 
plete ignorance  regarding  the  syndromes  produced  by  slighter  traumatisms. 

Simple  neuralgia  from  slight  contusion  of  the  nerve,  painful  syndromes 
of  causalgia  or  of  ascending  neuritis,  fleeting  paralysis  from  temporary 
compression,  are  other  obscure  problems,  of  whose  pathogeny  wc  know 
nothing. 

In  some  cases  wc  meet  with  a  few  widely  disseminated  lesions ;  in 
many  others,  on  the  contrary,  wc  find  nothing  to  explain  histologically 
the  disturbances  noticed  ;  and  one  is  often  led  to  consider  the  hypothesis 
of  disturbances  arising  from  nerve  inhibition,  sympathetic  reflexes,  or 
irritation,  a  distance,  of  the  motor  or  sensory  cells  which  are  related  to 
the  fibres  involved. 

DIAQNOSIS  OF   NERVE   LESIONS 

The  different  lesions  which  a  wounded  nerve  may  present  are  shown, 
on    examination,    by    diflFcrent    syndromes.     Most    frequently    they    are 


Fifi,  II. —  I.  T»>t;il  interruption.  Ntnironia,  ahovf  j  glioma,  l>elo\v.  2.  Partial  intcr- 
niption  with  lateral  pReiiclo-neuroma  rcsultins  from  bruising.  3.  Pseudo-neuroma 
resulting  fmin  bruising  without  interruption  ot  nene  fibres,  Rarctaition  and  fibrilla- 
tion of  axis-cylindeffi. 

differentiated  in  a  way  clear  enough  to  enable  one,  previous  to  any 
intervention,  to  form  a  tolerably  exact  diagnosis  of  the  anatomical  state 
of  the  nerve. 

Thus  it  is  by  a  clinical  examination  mainly  that  we  must  judge  if  an 
operation  is  necessary.     (J.  and  A.  Dejerine  and  Mouzoii.) 

Before  any  intervention  takes  place,  we  must  find  out  if  the  nerve  is 
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physiologically  interrupted  or  not ;  also  iP  tt,.  .„. 

total  and  which  fibres  it  affecL  "  '"terruption  i,  partial  or 

wholl  "  "%""'^  t°/«ognise  the  signs  of  irritation  of  the  nerve  as  a 

P^tte^ttZra^e'Ltr'''  '""""^  '^«  ^"^   ^^  ^  ^ 

s:?™^enTo?ortte;:eSr''^  '"^'-"^"''  ^  '  '"^'■--  '^^ 
course  of  systematic  mtervcnt.ons  ;  for  the  macroscopic  state  of  the 


'  3 

Fl<;.  I  J.— I,  Neuroma  impermeable  to  rcKcnfratfcl  tihr...      ,    m 

regenerared  «Hre,.     /  K.,..„,  ..arii:;;;'^;^::^^^  „^h  i^^^ ":::.^r"'  '" 

nerve    but  imperfectly   reveals  its  histological   state,  and    above   all    the 
physiological  state  of  the  nerve  fibres. 

Natundly  we  must  not  neglect  the  objective  examination  and  physio- 
logical exploration  of  the  nerve  exposed  by  intervention  ;  of  all  the 
proc«ses  suggested  for  this  examination  we  shall  find  that  there  i^ 
one  that  .s  logical  and  capable  of  being  utilisedj_the  electHcal  expl^" 
of  ^the  exposed    nerve  as  propounded  and  carried  out  >  ILJwLie  ^ 

the  t  'V''^  '""'"'  "r'"""""'  ''°^"''^^'  ''"''  ""^^  ^"""^  fifs'  and  supply 
the  most  important  indications  ,  it  is  this  that  will  decide  if  interventfon 
.s  legitimate  and  will  regulate  beforehand  the  nature  of  such  interven  on 


CHAPTER  II 
CLINICAL  EXAMINATION  OF  A  NERVE 

To  be  able  to  explore  a  nerve  implies  above  all  perfect  knowledge  of  the 
anatomy  and  physiology  of  this  nerve,  its  course  and  relations,  the  number 
and  position  of  its  branches,  the  muscles  it  supplies,  and  the  cutaneous 
territory  over  which  it  is  distributed. 

The  examination  of  a  paralysed  nerve  should  not  be  made  until 
several  weeks  after  the  wound,  if  the  best  results  are  to  be  Mtained. 

If  must  be  made  frequently,  at  intervals  of  several  weeks,  for  the 
evolution  of  the  symptoms  is  all  important.  One  may  often  repent 
having  operated  too  soon  ;  there  is  never  any  inconvenience,  so  to  speak, 
in  postponing  surgical  intervention  to  two  and  even  three  months  after 
the  injury. 

A  nerve  requires  to  be  examined  both  minutely  and  methodically. 
The  following  system  of  examination  may  be  advised — 


I.— PRELIiWINARY 


EXAMINATION   AND 
THE  CASE 


HISTORY    OF 


1.  Examination  of  the  wound. — The  wound  must  first  be  examined, 
the  orifice  of  entrance  and  that  of  exit  located,  and,  following  the  course 
of  the  projectile,  investigation  made  as  to  what  nerve  may  have  been 
injured. 

It  is  important  to  reconstitute  the  exact  position  of  the  limb  at  the 
time  of  the  wound,  for  anatomical  relations  may  change  according  to  the 
posture. 

The  bones  situated  in  the  neighbourhood  of  the  wound  should  also  be 
explored  ;  the  existence  of  a  fracture  makes  possible  the  compression  of 
the  nerve  in  callus  or  its  damage  by  a  bony  splinter. 

Finally,  it  must  be  known  whether  or  not  there  has  been  suppuration 
in  the  wound :  from  a  suppurating  tract  may  sometimes  flow  purulent 
matter  capable  of  producing  irritation  in  a  neighbouring  nerve. 

2.  Date  of  the  wound. — Account  must  be  taken  of  the  time  that 
has  elapsed  since  the  wound  was  received,  for  the  symptoms  may  change 
considerably  during  the  first  few  weeks. 
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Ti<.i«..i  nr^ g^gwCT  u!i  maximum  valiip  - 

Again,  a  certnin  n„^u       r        "^^«-'»'«'  with  the  real  lesion, 
fhe  pains  of  nerve  irri>afi«„  r  i  ^*^*'^'"  *"=""  »o  reach  their  heijjht  i 

.nd  -ctimercrr:ry:iri„Tr"'^ "'"  ^"■«'" "'  -  ^-^^ 

prc^ure  appears  onl,  ahout  th! trth  ^'tt  ^Tr:  '"  "  ""^  """- 

.  Jo;,;*rie7:t::Lt^^"""''°"  "^---'^^^"cnt,,  .mc 
numl7on:yri77;:"the«:"' r-''  ''•^''"^^-  ""'^  "^ « «-•" 

a  delay  of  (wg  or  ZIT  '  !  "  '*""''  '"  '^^  ^'"'■'y  Proved  that 
^^^i:£nc.7:Zn''''''  "  V-Ji^-cntion  1 
to  find  out  if  paralysis  h«L  '  !^  "'  **"  WOund.-It  is  important 

the  sccnd,  paralysis  may  S     moly  f  '"  '"'"'>'  '"J"^^''' '  '" 

being  embedded  in  a  fib  ous'i^^^^^^       from  compression  by  callus,  from 
apparatus;  or  again  there  may  he  Ih  ''■'""  ""'  """«"  °^»  P'««" 

■n  its  very  tissue  of  a  heir     ^       k    !  ^""""'".  "^"""J  the  nerve  and 

»™i«rfp,i„f„|  „„„,„,„,  e.craM.     At  other  i.ii,,,  ,he  „„„,ioii 

Jiiturf.,nc.,.  "■"">=<"  fat,n.e  of  m„,„,,  „,„,,,  „  ,„,p|,,^ 

The  |»t,c„t    will    k    ,„„,i„„,j  „  I 

::.™;fZs,;:  "'^■'"""-  -  -■  *'•  >"»i-  °?s.,:S  izc' 
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II. -CLINICAL  EXAMINATION 

I.— ATTITUDE  OF  THE  PATIENT 

All  paraiyMS  produces  a  characteristic  attitude  in  repose  or  during  action. 
Thus  we  have  the  droop  of  the  hand  in  musculo->piral  paralysis  the 
grigt*  of  ulnar  paralysis,  or  steppage  in  lesions  of  the  external  popliteal 
nerve. 

These  attitudes  will  be  studied  in  the  case  of  each  nerve. 

It  is  important  not  to  confuse  paralytic  attitudes  with  those  resulting 
from  functional  inertia,  psychic  paralyses,  contractures  or  cicatricial  fibrous 
contractions. 


II.— EXAMINATION  OF  VOLUNTARY  MOVEMENT 

The  loss  of  power  of  voluntary  movement  of  a  muscle  or  a  muscular 
group  may  vary  from  simple  enfeeblemcnt  to  complete  paralysis. 

Naturally,  it  is  discovered  by  asking  the  patient  to  execute  the  necessary 
movements,  and  opposing  to  these  movements,  if  they  exist,  a  greater  or 
less  resistance. 

In  measuring  the  scope  of  active  or  passive  movements,  one  may 
usefully  employ  either  a  "goniometer"  with  graphic  representations 
(Lortat- Jacob  and  Sezary),  or  adopt  the  process  of  moulding  the  position 
of  the  limb  with  lead  piping.  These  processes  enable  the  evolution  uf 
paralysis  to  be  readily  followed. 

Still,  several  important  causes  of  error  must  be  borne  in  mind. 

(«)  Complete  paralysis  may  be  mistaken  for  a  considerable  degree  of 
weakening  of  a  muscle,  if  movement  takes  place  in  -jm  unfavourable 
attitude,  particularly  if  the  weakened  muscle  has  to  overcome  the  action 
of  gravity. 

For  instance,  a  greatly  weakened  biceps  or  triceps  can  effect  flexion  or 
extension  only  when,  the  elbow  being  raised  outwards  to  the  height  of  the 
shoulder,  the  fore-arm  is  able  to  move  horizontally.  The  extensors  of 
the  wrist,  too,  if  greatly  weakened,  can  raise  the  hand  only  if  the  arm 
remains  hanging  by  the  patient's  side ;  very  feeble  contraction  is  then 
sufficient  to  impart  to  the  hand  a  slight  oscillatory  movement. 

These  processes  are  particularly  useful  when  trying  to  bring  back  the 
early  movements  which  denote  the  disappearance  of  paralysis. 

It  is  easy  to  find  for  e.ich  muscular  group  the  attitude  in  which  the 
feeblest  movements  are  readily  discernible. 

(/■)  Make  sure  that  the  patient  has  th        -rhly  understood  the  order 

*  The  term  grifft  rcferi  to  the  c!aw-like  attitude  of  the  hand  in  certain  nerve  and  muicle 
lei  ions. — (Ed.) 
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of  «llf.       ""'""  "  ~""'«"°"  "^  "•«  «nragoni«s  or  by  immobili«.ei«n 

The  pawive  movement*  must  consequently  be  studied 
orJcVidd^''"  h»Ppens  that  the  patient  does  „„,  uy  .„  execute  the 
h~W  Mr*""    •  "•'"''/™"'  «  -"  of  functional  inertia  which  rather 
friquently  follows   on    paralysis   and   artificially  prolongs   ii    or  from   a 
conviction  of  inability,  or  even  from  ill  intent 

Th..  ntiay  readily  be  discovered,  for  even  a  powerless  effort  to  execute 
of'theTS^"""'"*  '^  '*'^''»"  accompanied  by  the  synergic  contraction 
Uckn.  "''«'•'*"""«""''  ""tagonistic  muscles.  If  this  contraction  is 
lacking,  one  IS  justified  in  suspecting  artificial  incapacity. 

iudl  of",hi    Tr"?   "T  "''""■"'   «'""'""i°n  will  enable  us  to 
ne«ia   Lt  '^^^  of  paralys^  for  if  we  arc  dealing  with  functional 

Sic  curreT        "'"'*"   "'  """''=   '^''^  ^""'""*   '-"-''  ""^ 

suscfcted^tf"  '"  *''''^V':""'  """-""""y  '■"  wholly  retained  must  be 
suspected,  unless  we  are  dealing  with  cerebral  lesion.  Only,  as  we  shall 
«e,  in  some  rare  cases  of  slight  compression  of  the  nerve  can  feS 
contractility  be  retained,  in  spite  of  genuine  paralysis. 

K„  VX        *'"'  ""'^  ^*"''•  °"'  ""y  ''''"y  "'«'  ""'"encc  of  real  paralysis 

tt?eit2i "  "  "T''"/  """'^  ""=  compensatory  movement's  wl 
tne  neighbouring  muscles  often  succeed  in  effecting 

The  study,  then,  of  these  functional  compensations  is  very  important 
and  should  be  made  in  the  case  of  each  nerve.  'mportant, 

III—EXAMINATION  OF  THE  REFLEXES 
Examination  of  the  reflexes  affbrds  two  classes  of  information 
We  may  study  in  a  reflex  the  motor  response  which  reveals  the  paralysis 
o  he  ntegnty  of  the  muscle  in  question.  This  applies  mainly  to  th^  stidy 
of  the  tendon  reflexes.  Peripheral  paralysis  of  a  muscle  is  accompanied  b J 
the  disappearance  of  its  reflex.  The  patellar  reflex  is  abolished  i.f  paralysis 
of  the  anterior  crural  ,  the  Achilles  reflex  in  paralysis  of  the  scintk  t  e 
o  ecranon  reflex  ,„  paralysis  of  the  triceps  ;  the  reflex  of  the  extensors  of 
the  wrist  in  musculo-spiral  paralysis,  etc 

Whenever  a  paralysed  muscle  reacis  by  a  reflex  movement,  it  may 
be  affirmed  that  we  are  dealing  cither  with  functional  or  with  cenTS 
paralysis. 

In  peripheral  paralyses  we  often  find  inversion  of  the  reflexes,  the 
paralysed  muscle  being  incapable  of  responding  to  sensory  excir..tion.  a 
response  ot  the  neighbouring  or  antagonistic  muscles  is  noticed  For 
instance,  in  lesion  of  the  musculo-spiral  accompanied  by  paralysis  of  the 
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trirens  pcrcuwion  of  the  olecranon  may  c«u»c  »light  contrition  o»  the 
biccm  I  thi.  i*  the  invenion  of  the  olecranon  reflex.  Thi.  reflex  .yncrgic 
contraction  of  the  neighbouring  or  antagonistic  musclen  exi»t»  normally, 
though  it  i»  masked  bv  the  more  vigorous  responie  of  the  mu»clc  directly 
stimulated  }  par«ly»i»  of  this  muscle  make*  it  only  the  more  manifest. 

On  the  other  hand,  in  a  reflex  one  must  consider  »cn«ory  excitation  ; 
anesthesia  of  the  region  exdlcd  is  shown  by  abolition  of  the  reflexes  }  this 
applies  mainly  to  the  cutaneous  and  periosteal  reflexes. 

In  this  case  there  is  no  response,  either  from  the  muscle  appealed  to  or 
from   the  others  j  the   reflex  is  suppressed  at  its  source,  not  only  in  its 

motor  ;xpres»ion.  .  „      .  i 

The  study,  however,  of  the  cutaneous  and  especially  the  periosteal 
reflexes  is  more  delicate  than  that  of  the  tendon  reflexes  and  often  supplies 
less  exact  information,  on  account  of  the  possible  diftu>ion  ..t  the  sensory 
excitation  and  of  the  frequent  superposition  of  several  nerve  retiions 
especially  in  the  case  of  deep  sensibility. 

We  shall  also  study  the  different  reflexes  with  their  respective  nerve 

regions. 


IV.-OBJECTIVE  EXAMINATION   OF  THE   MUSCLES 

(«)  MaietiUr  atrophy.— The  muscular  atrophy  following  a  nerve 
lesion  occurs  rather  slowly  ;  it  apiiears  only  after  two  or  three  weeks  and 
gradually  becomes  more  pronounced  until  the  muscle  is  transformed  into 
a  thin  fibrous  cord.  .    . 

It  may  be  recognised  by  the  contour  of  the  muscular  outline ;  it  is 
mainly  judged  by  comparison  with  the  healthy  side,  and  its  progress  may 
be  followed  by  measuring  the  circumference  of  the  limb. 

Muscular  atrophy  also  varies  accordin;^  to  the  nature  of  the  lesion  ;  it 
is  more  rapid  and  pronounced  in  sections  than  in  simple  compressions,  and 
even  more  rapid  still  in  certain  nerve  irritations. 

It  retrogresses  somewhat  slowly,  and,  though  less  marked,  persists  long 
after  the  reappearance  of  the  movements. 

It  is  increased  by  immobilis.ition  of  the  limb,  whilst  it  may  be 
considerably  checked  by  mass.-ige  and  a  proper  electrical  treatment  of  the 
paralysed  muscle. 

Muscular  atrophy  in  nerve  lesions  is  a  somcwh.it  variable  symptom 
and  of  secondary  importance  in  the  diagnosis.  It  should  he  distinguished 
from  simple  atrophy  from  prolonged  inaction  of  the  muscle  and  especially 
from  reflex  atrophy,  which  is  secondary  to  the  osseous,  articular  and  tendon 

lesions. 

{r)  Muaeular  tone.— The  <^t<idy  of  muscular  tone  is  very  important,  as 
J.  and  A.  Dejerine  and  Mouzon  have  shown. 
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All  pralyK.  by  nerve  l«.ion.  .re  «comp.„icd  by  muKul.r  hypotonim 

but  »impl«  comprcwionii  arc  u»ually 

characteriied  by  the  retention  of  a 
certain  degree  of  muscular  tone, 
wherea*  complete  interruption  of 
the  nerve  after  ume  time  cauK*  iti 
total  (liiappearatice. 

Nerve  irritations  on  the  other 
ham),  are  not  accompanied  by  very 
marked  hypotonia  j  it  i»  frequently 
lc«»  marked  than  in  simple  com- 
prcft«ions. 

On  palpation,  muscular  tone 
may  be  recognised  by  th-  greater 
or  less  flaccidity  of  the  muscular 
bellies, 

isappearance  of  tone  somewhat  intensifies  the  paralytic 


Fw.  is.—Completr  hypowni.  in  intff. 
ruplimi  o»  the  muiciilo.ipir.1  wrv*. 


Kir 


'*■""'""" "'""""'"  "■■"  '>  ■">• """  ■■«™, „^i„„  „,, 
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fcmaini  ig  muKuUr  tone.  In  complete  tection  of  the  mutculcwpiril, 
however,  flexion  of  the  hand  lifter  »  few  week»  reaches  the  maximum 
permitted  by  the  articular  ligamentt. 

OiMppearance  of  tone,  therefore,  i»  an  important  »ign  in  favour  of 
complete  interruption  of  the  nerve.    (J.  and  A.  Dejerine  and  Mou«on.) 

It  must,  however,  he  noted  that  the  prolonged  inaction  of  a  muxlc, 
even  in  a  certain  number  of  functional  paralyse*,  may  be  accompanied  by 
hypotonia,  which  in  time  become*  considerable. 

(.)  MMhuietl  oMtnotiUty  of  thi  mvieU.-  It  is  important  to  dis. 
tinisuish  muscular  tone  from  idio-muscular  contractility.  Percussion  of  a 
Udrmal  musile  produces  a  liKal  and  momentary  swelling  of  the  percussed 
muscular  fasciculi,  and  that  this  is  a  jienuine  contraction  i»  shown 
by  more  or  lew  extended  movements.  Thi»  is  the  idio-mu!.cular 
reflex. 

Idio-muscular  reflexes  are  always  intensified  in  peripheral-nerve  lesions, 
even  though  there  is  considerable  hypotonia  or  even  complete  atoriia. 

This  intensification  of  the  mechanical  coturactility  of  the  paralysed 
muK-le  is,  as  we  shall  k:,  comoarable  to  the  intensification  of  the  con- 
tractility of  the  muscle  under  the  galvanic  current  (galvano-tonus),  when 
excitiibility  of  its  nerve  at  the  motor  point  ha»  disappeared.  Like  con- 
traction of  the  paralysed  muscle  under  the  galvanic  current,  the  contrac- 
tion provoked  by  percussion  is  slow.  This  amplitude  and  this  slowness  of 
contraction  often  permit  a  diagnosis  of  paralysis  to  be  made.  It  con- 
stitutes a  veritable  "  mecano-di.ignosis  "  (Andrt-Thomas).  This  is  Sicard's 
"mechanical  myo-diagnosis." 

In  a  word, it  maybe  said  that, in  a  paralysed  muscle, contr.nctility  from 
excitation  of  the  nerve,  whether  voluntary  or  electrical,  diminishes  or 
disappears,  whereas  the  contractility  peculiar  to  the  muscular  tissue  itself 
is  iiit'-nsificd  ;  the  former  is  rapid  and  short,  the  latter  is  tardy  in  .ippcar- 
ancu  and  slow  in  its  execution. 

Mechanical  contractility  of  the  paralysed  muscle,  however,  diminishes 
or  even  disappears  in  time,  simultaneously  with  its  galvanic  contractility  ; 
the  .itrophicd  muscle,  transformed  into  fibrous  tissue,  has  then  lost  every 
kind  of  excitability. 

((/)  Beniibility  of  the  muicle  to  preMuro.— Every  paralysed  muscle  is 
p.iinless  under  pressure,  unless  there  exists  some  nerve  irritation.  The 
total  insensibility  to  pain  and  even  the  absolute  insensibility  of  the  muscle 
to  pressure  is  one  of  the  clear  signs  of  complete  interruption.  (J.  and 
A.  Dejerine  and  Mouzon.) 

On  the  other  hand,  p.iin  of  the  muscular  bellies  under  pressure  is  the 
best  sign  of  nerve  irritation  ;  it  is  even  more  pronounced  than  pain  of  the 
nerve  under  pressure. 

This  p.iin  may  be  extremely  acute,  rendering  impossible  all  mobilisation 
or  massage. 

It  m.-iy  exist  even  when  the  muscle  is  not  paralysed  ;  then  pressure  on 


'♦  NERVE   WOUNDS 

crr„r''v'^["'"""'^  '"""^  '"'y  P'""^"'  ""'"«''  ''="'"S  contractions  and 
thTS'se  „      I'"""^  ^ntraction  also  causes  violent  pains,  to  such  an  extent 

l:c^Thru?;:.7pair"'"''  ^""""^ '""'  """''''"''■»"''"  •'^  »»"= 

con.Sns'"'"  '"  "'  """'"  "  ^"^  "'''="  --"««"-''  by  fibrous 
(.)  Fibroni  contract.,  ^  of  the  mniclei-Whercas  compressions  and 
espccally  nerve  sec"  -  ,s  arc  a..o>n!,a  i-d  by  hypotonia,  flaccidity  and  pro- 
gressive lengthen.nf  of  ti.e  musr!.. ;  „  ve  irritation,  on  the  other  hand,  is 
flZlio^"^'  accc  .pa.ncd  hy  mus.  .lar  contraction  with  fibrous  trans- 

A  modification  in  the  cons.stccy  of  the  muscle  is  then  found  j  it 
becomes  hard,  fibrous,  painful  and  adherent  to  the  neighbouring  tissu^  • 
certain  muscles  end  by  acquiring  an  almost  woody  consistence. 

At  the  same  time,  this  muscle  has  a  tendency  to  contract  These 
muscular  contractions  progressively  limit  the  excursion  of  the  corresponding 

iTt  r^^^^n"  u*°  ^"  '"''"■"  ""^  P="-'''>'''*=  «"'''"<1«  ^  sometimes  to 
mask  It;  finally,  they  induce  the  appearance  of  special  attitudes,  no  longer 
reducible  as  the  paralytic  attitudes  are,  but  fixed  and  frequently  difficult  to 
reduce  by  prolonged  massage  and  mobilisation.  The  fibrous  griffa  of  the 
ulnar  and  the  median,  the  contraction  of  the  posterior  muscles  of  the  leg 
I-kely  to  lead  to  /,a  equinus  and  to  necessitate  tenotomy,  are  so  many 
instances  of  these  nerve  contractions.  ^ 

The  muscular  examination  must  always  end  in  a  search  for  fibrous 
^oTnt?"'""'        '"'"''"'S'''""g  '''^  P'^ss'^e  movements  of  the  corresponding 

All  limitation  of  articular  movement  is  a  sign  of  neuritis  ;  impossibility 
of  completely  extending  the  fingers  or  completely  flexing  them  ;  arrest  of 
dorsi-flexion  of  the  foot  at  right  or  obtuse  angles,  demonstrate  nerve  irrita- 
tion ot  the  median,  ulnar,  nusculo-spiral  or  sciatic,  associated  or  not  w  ith 
paralysis  of  these  nerves. 

One  must  naturally  avoid  confusing  nerve  muscular  contraction  with 
ar  icuh;,  lesions  and  especially  with  the  cicatricial  contractions  and 
aunesions  of  muscles  or  tendons,  approximately  ending  in  almost  the 
same  attitudes  and  the  same  limitation. 

(y)  Mwcnlar  contraction  and  hypertonia.— Lastly,  certain  cases  of 
nerve  irritation,  mostly  slight,  are  accompanied  by  a  state  of  muscular 
hypertoni.!,  sometimes  going  as  far  as  real  contraction  ;  thus  we  meet 
with  attitudes  that  are  permanent  and  paradoxical,  in  some  way  the 
opposite  of  paralytic  altitudes,  reducible  with  difficulty  and  even  at  times 
almost  impossible  to  overcome.  The  pain  in  the  muscles  under  pressure 
■  ntensification  of  the  idio-muscular  reflexes,  the  sensory,  vaso-motor  or 
secretory  disturbances  met  with  in  these  cases,  particularly  the  increase 
of  the  secretion  of  sweat  (Babinski)  show  clearly  the  irritated  condition  of 
tne  nerve  fibres. 
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Almost  always,  however,  in  these  contractions,  especially  when  per- 
manent, we  meet  with  an  important  functional  factor  ;  they  are  certainly 
emphasised  and  intensified  by  inaction  of  the  patient. 

v.— OBJECTIVE  EXAMINATION  OF  THE  INTEGUMENTS 
AND  SUPPORTING  TISSUES.  TROPHIC  AND  VASO- 
MOTOR  DISTURBANCES 

After  the  objective  examination  of  the  muscles  comes  logically  that 
of  the  other  tissues,  investigation  of  the  various  trophic  and  vaso-motor 
disturbances. 

Speaking  generally,  we  may  lay  down  the  principle  that  trophic  dis- 


FiG.  15. — Cutaneous  (iisturbaiucs  in  a  lase  ot  nerve  irritalion.     (Note  llie  smoothness 
of"  the  fingers  of  the  left  hami  ami  the  ilisappearance  of  the  nitaneous  foWs.) 

turbances  are  either  absent  or  very  slight  in  almost  all  cases  of  nerve 
interruption  or  simple  compression. 

.")n  the  other  hand,  they  are  almost  constant  in  nerve  irritations. 

(rt)  IntegTunents. — Examination  of  the  integuments  is  by  far  the  most 
important  and  may  reveal  very  different  disturbances. 

Glossy  skin  is  the  most  frequent ;  disappearance  or  diminution  of  the 
cutaneous  folds,  levelling  of  the  papillary  crests  expressed  bv  the  smooth 
appearance  of  the  finger-prints — constitute  its  main  characteristics. 
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These  disturbances  always  exist,  though  greatly  diminished,  in  paralysis 
from  section  or  simple  compression. 

On  the  ther  hand,  they  are  most  marked  in  cises  of  nerve  irritation. 
In  these  cases  we  are  struck  by  the  glossy  condition  of  the  skin,  its  dryness 
and  dull  colour,  the  disappearance  of  the  cutaneous  folds,  the  fibrous  con- 
sistence of  the  integuments  which  are  adherent  to  the  underlying  tissue 
and  difficult  to  mobilise :  these  disturbances,  always  more  pronounced  at 
the  extremities,  give  the  hand  and  foot  a  waxy  and  fixed  aspect  which  is 
altogether  characteristic. 

{/>)  Sweat  reaotioni. — The  skin  of  paralysed  hands  and  feet  is  often 
the  seat  of  excessive  sweating,  of  fetid  odour.     This  sweating  is  mainly 


Flc.  1 6. — Cuta 


.'S(|uamatioii  in  the  region  of  the  ulnar  (slight  nerve 
irritation). 


found  in  nerve  irrit.itions  with  slight  neuritis  and,  .ibovc  all,  in  neuralgia, 
occurring  without  complete  paralysis. 

Dryness  of  the  skin  is  very  important ;  it  is  found  in  most  cases  of 
nerve  section  and  is  sometimes  accompanied  by  a  fine  branny  dcMjuaina- 
tion  which  clearly  delinc.ites  the  cutrncnus  topography  of  the  nerve.  But 
it  is  also  very  pronounced  in  certain  cases  of  nerve  irrit.ition,  especially  in 
severe  cases  with  p  -  ,is,  where  there  is  also  found  an  abundant  cutaneous 
desquamation  in  broad  scales.  The  skin,  thickened  and  indurated,  assumes 
quite  a  rough,  seal)    fish-skin  appe.irancc. 

We  may  adv.T  ;  igeously  test  for  sweat  secretions  with  the  aid  of 
chemical  paper  ir..,.regnated  for  instance  with  nitrate  of  silver,  or  more 
simply  by  using  litmus  paper  ;  the  sli.L^ht  acidity  of  sweat  chansrcs  blue 
litmus  paper  to  red.     (Claude  and  Chauvet,  Jumentie.) 
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(c)  Vaio-motor  diitarbanoei. — Vaso-motor  disturbances  are  practically 
inevitable  in  all  nerve  lesions. 

In  some  cases  we  find  pallor  of  the  integuments,  along  with  the 
dryness  and  thickening  of  the  skin.  It  is  mainly  found  on  the  palms  of 
the  hands  and  the  soles  of  the  feet,  where  the  thickness  of  the  integu- 
ments and  their  dull  tint  seem  to  mask  the  colouring  of  the  deeper 
planes. 

Cyanosis  and  redness  of  the  integuments  arc  far  more  frequent. 

Cyanosis  more  especially  indicates  vaso-nutor  paralysis,  acting  upon 
the  vaso-constrictor  apparatus.  It  is  exaggerated  by  a  dependent  position 
and  by  cooling  ;  it  rapidly  diminishes  and  disappears  if  the  limb  is  placed 
in  an  elevated  position. 

We  need  only  compare  the  cyanosis  and  the  pallor  produced  in  the 
healthy  limb  and  in  the  paralysed  one,  w  zn  placed  alternately  in 
dependent  and  elevated  positions,  to  see  that  the  paralysed  limb  becomes 
cyanosed  more  quickly  and  pales  more  rapidly  than  the  healthy  limb. 
The  white  spot,  likewise  produced  by  pressure  of  the  finger,  disappears 
more  luickly  on  the  paralysed  limb. 

In  a  word,  these  phenomena  show  the  loss  of  tone  of  the  vaso-con- 
strictor muscles  in  the  paralysed  region. 

In  certain  conditions,  however,  one  may  notice  an  apparently  para- 
doxical phenomenon.  If  the  cyanosed  limb  is  not  in  too  dependent  a 
position,  and  the  venous  pressure  not  too  great,  vigorous  rubbing  with  the 
nail  often  produces  a  white  streak  which  slowly  enlarges  and  nay  persist 
for  one  or  two  minutes.  On  the  sound  limb,  however,  the  narrow  white 
streak  obtained  by  the  nail  rapidly  disappears  and  gives  way  to  the  usual 
red  streak.  Probably  this  paralytic  white  streak  results  from  the  slow  and 
prolonged  contraction  of  the  vaso-constrictor  muscles,  brought  out  by 
mechanical  excitatic".  Like  the  other  muscles,  the  paralysed  muscular 
fibres  of  the  small  vessels  seem  to  have  lost  their  nervous  excitability, 
whilst  their  idio-muscular  contractility  has  become  intensified. 

On  the  other  hand,  redness  of  the  skin  is  found  especially  in  neuritic  or 
slight  neuralgic  irritations,  without  paralysis.  It  is  particularly  marked  in 
causalgia,  and  usually  coincides  with  increase  of  the  sweat  secretions. 
Probably  it  corresponds  to  active  vaso-dilatation. 

Redness  or  cyanosis  of  the  skin  may  in  certain  cases  reach  an  extreme 
degree  ;  for  instance,  we  find  the  index  finger  in  certain  irritations  of  the 
median,  and  the  little  finger  in  certain  lesions  of  the  ulnar,  assume  a  led, 
wine-coloured,  cudematous  and  shiny  aspect ;  the  fingers  are  covered  with 
chilblains.  The  special  susceptibility  of  the  paralysed  extremities  to 
chilblains  must  also  be  remarked. 


CEdema  is  sometimes  found  in  nerve  interruptions  ;  for  the  most  part  it 
would  seem  to  be  only  the  intensified  swelling  by  stasis  observed  in 
prolonged  dependent  positions ;  this  is  an  oedema  of  posture  and  disuse. 
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Along  with  cyanosis  it  sometimes  produces  appearances  recalling  that  of  the 
"  succulent  hand  "  in  syringomyelia. 

Then  again,  cedema  is  evidently  the  result  of  nerve  irritation  ;  it  may 
reach  a  considerable  degree;  in  these  cases  we  have  seen  it  rapidly 
disappear  as  the  result  of  surgical  intervention. 

Finally,  it  will  not  be  forgotten  that  ctdema,  like  cyanosis,  often 
results  from  vascular  lesions  associated  with  nerve  lesions  ;  these  must  be 
systematically  investigated. 

In  all  these  cases,  the  distribution  of  the  vaso-motor  disturbances  is 
exactly  spread  over  the  cutaneous  region  of  the  affected  nerves.  Claui'e 
and  Chauvet  justly  remark  that  this  vascular 
topography  is  often  more  precise  and  exact, 
more  in  conformity  with  the  anatomical  region 
of  the  nerve,  than  the  distribution  of  tlie  senfory 
disturbances. 

(d)  XTlceration. — Genuine  ulceration  is  very 
rare  in  peripheral  nerve  lesions.  Almost  always 
we  can  find  the  exciting  cause. 

For  instance,  these  are  secondarily  ulcerated 
bullous  lesions,  that  have   appeared  after  too 
hot  a  bath  or  after  a  too  intense  galvanic  bath  ; 
they    have   the   characteristics   of  burns,  and 
indeed  they  doubtless  are  burns  appearing  over 
a  region  of  disturbed  nutrition,  or  else  ulcera- 
tion caused    by  the  pressure  of  an  apparatus, 
or  again  we  are  dealing   with    a   perforating 
ulcer  on  the  soIl    if  the  foot,  one  which  h.is 
developed  as  usual  at  the  site  of  a  corn  and  iias 
certainly  been  caused  by  pressure  in  walking. 
In  all  cases  these  lesions,  though  rare,  are  scarcely  ever  spontaneous ; 
the  nerve  lesion  appears  only  as  a  predisposing  cause  by  reason  of  the  dis- 
turbances in  nutrition  wiiich  it  calls  forth.     Thcv  would  seem  to  occur 
both  in  cases  of  complete  section  and  in  nerve  irritation. 

(<•)  Thermal  disturbances. — On  the  paralysed  limbs  tlv.Te  may  he  re- 
marked a  lowering  or  an  elevation  of  the  local  temperature. 

Actual  persistent  rise  of  the  local  temperature  is  found  only  in  certain 
slight  nerve  irritations,  with  permanent  vaso-dilatation  and  redness  of  the 
skin. 

On  the  other  hand,  lowering  of  the  temperature  is  very  frequent. 
But  this  is  really  an  artificial  cooling,  resulting,  on  contact  with  the  air, 
from  a  less  active  circulation.  The  cooled  limb  slowly  becomes  warm  in 
bed  or  if  it  is  wrapped  in  wadding  ;  it  almost  regains  its  normal  tempera- 
ture but  again  cools  more  rapidly  than  the  sound  limb  .is  soon  as  the 
sut rounding  temperature  falls. 


Fig.  17. — ITIceration  in  a  case 
of  c'oinplele  interruption  of 
the  posterior  tibial  nerve, 
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Marked  and  persistent  cooling  of  a  limb  mainly  results  from  the 
vascular  lesions  associated  with  the  nerve  lesion.  It  is  then  accompanied 
by  chronic  cyanosis,  by  cedema  and  the  progressive  fibrous  infiltration 
which  characterise  ischemic  paralysis. 

(/)  Skin  appendagei.— Hypertrichosis  is  almost  constant  in  all  nerve 

lesions.  1    •      •      1 

The  nails  arc  specially  affected.  Wiiilst,  on  the  one  hand,  in  simple 
sections  or  nerve  compressions  there  is  found  only  a  simple  transverse 
groove,  changing  place  with  the  growth  of  the  nail  and  thus  marking  the 
date  of  the  paralysis  ;  on  the  other  hand,  in  nerve  irritations  there  are  found 
serious  trophic  affections  of  the  nails ;  they  are  striated,  split,  laminated, 
thinned  at  the  edges,  curved  like  claws  or  deformed  into  the  shape  of  a 

watch  glass. 

Frequently  too  they  are  atrophied,  smaller  than  those  of  t'..e  opposite 
side,  and  this  diminution,  associated  with  cutaneous  and  bony  atrophy, 
ends  in  a  sort  of  tapering  conical  appearance  of  the  last  phalanx  of  the 
fingers. 

Cf)  Aponeuroiei,  teadoM,  lynovial  sheatlu,  bones  and  artioulationi.— 
The  trophic  disturbances  of  nerve  irritation  also  reach  the  deeper  planes. 

The  thickened  and  contracted  palmar  fascia  gives  the  impression  of 
cords,  to  a  certain  extent  reminding  one  of  Dupuytren's  disease  ;  the 
indurated  plantar  fascia  sometimes  presents  fibrous  nodules,  similar  to 
those  of  alcoholic  neuritis. 
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Ki<;  iS  —Ankylosing  and  deforming  arthrites,  chronic  rheumatised  type,  with  atrophy 
..i  the  cellular  tissue,  by  nerve  irritation,  without  vascular  phenomona,  in  a  case  ot 
stretthins  of  the  two  brachial  plexuses.     (Dejerine,  Presse  Me.licaU,  8  July,  1915.) 

The  thickened,  indurated,  contracted,  synovial  sheaths  are  attached  to 
the  tendons  by  adhesions  which  immobilise  them,  and,  associated  with 
neuro-muscular  contraction,  they  determine  the  formation  of  fibrous  claws. 

The  joint  may  undergo  the  same  process  of  sclertt.i^,  sometimes  ending 
in  actual  fibrous  ankyloses  of  the  digital  articulations. 
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The  phalanges  themselves,  thickened  at  their  ends,  give  to  the  articu- 
lations  of  the  fingers  a  knotty  fusiform  appearance  which  in  certain  cases 
may  recall  the  appearance  of  rheumatoid  arthritis,  or  resemble  the  "radish 
ounch     of  gonorrhceal  rheumatism. 

Osseous  decalcification  is  a  rather  common  phenomenon,  existing  in 

almost  all  nerve  lesions,  but  also 
~l  found  in  vascular  disturbances 
and  even  after  prolonged  disufc. 
of  the  limb  through  muscular  or 
tendon  lesions. 
,  Decalcification,   however,   is 

particularly  pronounced  in  ceitain 
nerve  irritations. 
^  Lastly,  we  may  meet  with 

^     actual  atrophy  of  the  paralysed 
limb  en  masse.    We  have  referred 
to   the  conical  thinning  of  the 
digital  extremities :  it  is  possible 
I     to  see,  especially  in  certain  cases 
'     of  paralysis  of  the   ulnar  or  of 
the   posterior   tibial,  atrophy  of 
hand  or  foot  en  masse :  in  these 
cases,  with  the  muscular  atrophy 
are  associated  the  thinning  of  the 
skin,    sclerous    atrophy    of    the 
dermis  and  osseous  decalcification 
and  deformations  of  the  nails. 

In  t'  iS  analytical  description 
we  note   how   much  more  fre- 
...  quent    and     intense     in     nerve 

ifntations  than  in  simple  nerve  sections  are  all  trophic  and  vaso-motor 
disturbances.  This  is  an  important  point,  now  well  established,  and 
on  which  we  must  insist. 

There  is  only  one  condition  capable  of  producing  trophic  disturbances 
as  m.nrked  as  neuritic  irritation:  the  arterial  obliteration  causing  ischemic 
paralysis.  Accordingly  this  must  always  be  sought  systematically,  when 
wc  hnd  ourselves  confronted  with  considerable  trophic  disturbances  •  all 
the  more  so  as  it  is  frequently  associated  with  nerve  lesions,  intensifying 
and  modifying  their  clinical  features. 
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M  •9-— *'''/«^aM  «/  *inJ  (palm  facing). 
Note  the  decakification  of  the  metacarpals 
and  of  the  phalanges  of  the  thumb,  the 
miildle  finger  and  esptcially  the  index 
hnger. 


VI.-OBJECTIVE  EXAMINATION  OF  SENSIBILITY 

Here  we  arc   not   dealing  with   spontaneous   pains,  noticed   by  the 
patient,  or  with  sensations  caused  by   pressure  on  the  muscles  or  nerve 
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trunks.     It  i»  a  general  questioning  of  the  patient,  an  objective  examina- 
tion of  muscles  or  nerve  trunks,  that  supply  us  with  this  important  know- 

ledge. 

We  are  now  simply  investigating  the  disturbances  of  objective,  super- 
ficial and  deep  sensibility. 

1.  CntuMoas  MiulWUtiei.— Tactile,  painful  and  thermal  sensibility 

should  be  studied  in  succession. 

In  reality,  this  minute  examination  is  not  usually  necessary,  for  the 
areas  of  the  three  sensibilities  are  usually  almost  identical.  It  may  at  the 
same  time  be  stated  that  thermal  anxsthesia  is  a  little  more  widely  diffused 
than  painful  anesthesia  and  the  latter  than  tactile  ana;sthcsia. 

But  here  again  we  are  liable  to  an  error  of  interpretation,  tor  in  the 
case  of  each  sensibility  we  must  distinguish  the  coarse  sensation  from  the 
fine  appreciation  of  the  qualities  of  the  sensation.  This  is  the  distinction, 
set  up  by  Head,  between  protopathic  and  epicritic  sensibility  ;  the  vague 
sensation  of  touch  is  to  be  distinguished  from  the  clear  appreciation  of  the 
nature  of  the  contact  and  of  its  precise  localisation  ;  the  rudimentary 
sensation  of  pain  must  be  differentiated  from  the  ability  to  distinguish  the 
quality  of  the  pain  ;  the  differentiation  between  hot  and  cold  must  be  dis- 
tinguished  from  an  exact  appreciation  of  moderate  temperatures.  The» 
are  so  many  special  sensibilities,  corresponding  to  terminal  apparatuses  all 
the  more  complex  because  they  supply  more  precise  notions  ;  in  nerve 
sections  they  disappear  with  a  rapidity  proportional  to  their  complexity 
and  become  regenerated  all  the  more  slowly  as  they  correspond  to  appa- 
ratuses more  highly  differentiated. 

Practically,  in  the  case  of  peripheral  nerves,  we  may  generally  dispense 
with  these  minute  examinations. 

Exploration  with  a  pin  alone  supplies  .ill  necessary  information. 

By  a  prick,  the  pin  supplies  both  tactile  and  painful  sensations  ;  by  the 
slight  pressure  it  exercises,  however  faint,  it  affords  practically  adequate 
indications  regarding  deep  sensibility. 

Speaking  generally,  it  is  possible  in  an  anesthetic  .irea  to  distinguish 

three  main  zones. 

In  the  first  zone,  the  patient  feels  nothing  ;  there  is  complete  superficial 

and  deep  anesthesia. 

In  the  second  zone,  the  patient  perceives  the  prick  of  the  pin  as  simple 
contact ;  he  replies  :  "  touch."  Probably  this  sensation  is  mainly  provoked 
by  pressure  of  the  point ;  it  largely  depends  on  deep  sensibility  j  in  this 
zone  there  is  superficial  anarsthesia  with  the  retention  of  deep  sensibility. 

In  the  third  zone,  in  the  neighbourhood  of  the  next  nerve  region, 
a  true  intermediate  zone,  the  patient  vaguely  feels  the  pricking;  he 
answers :  "  pricks  a  little. "  There  is  simple  superficial,  tactile  and 
painful  hypo-ssthesia  ;  it  is  in  this  zone  that  slight  cutaneous  stimuli,  with 
paint  brush,  liair,  or  piece  of  cotton-wool,  begin  to  be  cleurly  distinguished. 

When  we  reach  the  intact  sensory  region  of  the  neighbouring  nerve. 
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the  pricking  i«  keenly  felt  j  the  more  lo  as  there  lometime*  exists  slight 
marginal  hypersesthesia. 

aolh  Jiiiuary  (ijsth  ilty  after  the  *ound). 


I3lh  March  (5111  day  after  suture  of  ;he  nerve). 


Fig.  io.—Examl>Ui  of  Jiffmnt  JisturbaHcet  rf sensibility,  simultaneous  or  successive,  from 
nerve  lesion.— f.xtent  ot  the  zones  of  anarsthesia  and  hypo-Mthcsia  to  pin-prick,  before 
and  after  nerve  suture  in  a  cast  of  complete  interruption  of  the  median.  In  the  crosi 
hatched  area,  prickmg  provokes  no  sensation  at  all.  In  horizontal  hatched  area,  pricking 
causes  only  a  sensation  ot  conurt.  In  oblique  hatche.1  area  with  crosses  :  pararsthesic 
phenomen.  :  hypenwthesia  to  pain  ;  diffusion,  irradiation,  burning  sensations,  persist, 
ence  of  the  sensation.  Paintuf  hyperesthesia  is  specially  marked  where  the  crowes  are 
replaced  by  dots. 

In  other  cases,  we  find  hyperatsthesia  cither  to  all  modes  of  sensibility 
or  to  pain  only,  with  hypo-assthesia  to  the  other  sensibilities.    This  is  what 
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may  be  called  painful  hypo-««he»ia  :  pin>prick,  touch,  heat  and  cold  are 
then  i-nperfectly  di»tingui»hed  }  a!  these  ttimu'.i,  however,  produce  the 
tame  painful,  badly  differentiated  an^  'ocalised  scniation,  diffuicd,  irradiated 
in  the  neighbourhood  and  persisting  for  a  few  seconds.  This  painful 
hypo-icsthesia  is  the  most  frequent  form  of  paresthesia  encountered  in 
nerve  irritation. 

It  must  not  be  confused  with  parassthesia  of  nerve  regeneration.  Indeed, 
in  the  restoration  of  cutaneous  sensibilities,  we  find  at  an  early  stage 
certain  special  phenomena,  characterised  mainly  by  a  sensation  of  formication 
diffused,  imperfectly  localised,  irradiated  in  the  neighbourhood,  persistent, 
rather  disagreeable,  provoked  by  every  cutaneous  stimulation  and  particularly 
by  light  stroking. 

These   cases  of  paresthesia   last   long   and   may  persist   for  several 

months. 

t.  D««p  ieniibilltiei. — There  must  be  studied  successively  : 

I.  Sensibility  to  pressure  ;  the  simplest  and  most  practical  instrument 
is  the  rounded  end  of  a  stylograpliic  pen.  Note  if  pressure  is  felt  in  the 
region  of  the  nerve.  We  have  seen  that  the  simple  pressure  of  a  pin  point 
suffices  to  rouse  deep  sensibility. 

II.  The  sense  of  attitudes,  which  consists  in  finding  out  if  the 
patient  perceives  the  movements  imparted  to  his  various  joints. 

III.  Bony  or  periosteal  sensibility,  which  is  discovered  by  means  of  a 
tuning  fork  placed  on  the  bony  projection,  and  whose  vibrations  are  more 
or  less  distinctly  perceived. 

The  study  of  deep  sensibilities  is  less  important  than  that  of  cutaneous 
sensibilities.  It  is  subject  to  more  causes  of  error,  its  results  are  less 
constant  and  the  riile  of  collateral  substitutions  is  a  greater  one.  The 
region  of  'Jeep  anesthesia  is  always  much  more  extended  than  that  of 
cutaneous  anesthesia  ;  and  we  shall  often  find,  for  instance,  that  pressure 
applied  at  the  level  of  an  anesthetic  cutaneous  region  is  fairly  well 
perceived. 

The  disappearance,  likewise,  of  deep  anesthesia  is  often  somewhat 
earlier  than  that  of  cutaneous  anesthesia  and  may  to  some  extent  permit 
of  our  anticipating  a  speedy  restoration. 

In  every  case,  after  each  examination,  the  exact  area  of  the  anesthesia 
encountered,  whether  superficial  or  deep,  must  be  drawn  up,  for  the 
permanence  and  fixity  of  the  anesthetic  region  is  one  of  the  best  signs  of 
complete  interruption.     (  J.  and  A.  Dejerine  and  Mouzon. ) 

On  the  other  hand,  the  region  of  anesthesia  is  found  to  vary  from  day 
to  day  in  cases  of  simple  nerve  compression. 

During  the  regeneration,  we  see  the  concentric  shrinking  of  the  zones 
of  anesthesia. 

Only    by   observation    and    comprison    of   the   successive    areas    of 
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iieniibility  .hull  we  be  able  to  Kcauni  exKtIy  for  the  evolution  of  Knwv 
diMurb.nces ,  this  practice  it  the  ««  ^4  n*n  of.  complete  exwnination. 

VII.-OBJECTIVE  EXAMINATION  OF  THE  NERVE 

indilL"  :^""'"  ««n,in«ion  of  the  nerve  wpplie.  three  imporunt 

1.  Whether  the  nerve  is  painful  on  pressure  or  not. 

2.  The  existence  of  formication  provoked  by  pressure. 

3.  The  possible  discovery  of  a  neuroma. 

1.  nnOmtf  of  tht  Mm  OB  pPMnr..-The  nerve  docs  not  feel  pain 
on  prewure  in  all  cases  of  section  or  simple  compression. 

On  the  other  hand,  it  is  very  painful  in  neuritic  or  neuralgic  irritation 
of  a  nerve  trunk,  on  pressure  is  is  painful  along  its  whole  course  below 
the  lesion. 

Sometimes  the  nerve  is  painful  even  above  the  lesion,  but  this  is  a 
somewhat  rare  complication.  * 

fnrJ!*!"".  °"  ''7*""*  "T  be  carefully  differentiated  from  the  sen««tion  of 

Seance  ^   '""'"'■'  ""''    '""'"«  "   '"'""y  ■*'«■"«"» 

•      *• '"»l~*|"»P"'«k««  by  prMm.._When  compression  or  percussion 

l^t!\T       '°  '^"  '"^"'"'  ""'*^  •^""'''  ^«  "^"="  «"«*.  '■«  the  Vutaneous 

tTcautfbrrtric^r'"' """""  "*"'"' """"'''  "^  '"^  '^"■'" " 

or  Jr""'f"'°" '" ""  '"r"'.'"""  '"y  ™p°"'""  ^'i'"'  '■"^  it  '«"«'■«'«  the 

presence  of  young  axiwyjindcrs  in  process  of  regeneration. 

1  his  formication  is  quite  distinct  from  the  pain  on  pressure,  which  exists 
in  nerve  irritations.  ' 

The  pain,  indeed,  which  essentially  indicates  irritation  of  the  axis- 

cylinders  and  not  their  regeneration,  is  almost  always  local,  perceived  at 

he  very  spot  where  the  nerve  is  compressed,  or  at  least  magnified  at  this 

spot;    It  always  c<«x,sts  with  the  p.,in  in    the  muscular  bellies  under 

pressure,  very  often  the  muscles  are  more  painful  than  the  nerve. 

Formicition  of  regeneration,  on  the  other  hand,  is  but  little  or  not  at 

tZnlt  "  "^u  ^°'"P^«*«=''.  »>"'  »••"««»  entirely  in  the  cutaneous 
region  of  the  nerve  ;  the  neighbouring  musdes  are  not  painful. 

wou„r  7.  '  "  "PP*»"  ""'y  "^"t  the  fourth  or  sixth  week  after  the 
wound.  It  enables  us  to  ascertain  the  existence  of  this  regeneration  and 
to  follow  Its  progress. 

nr  l^r"""!!-*  ^"u '""'  "'"'""'•'  '■"  "'"^  ^P"'  '■"^  *«^^"»'  consecutive  weeks 
or  months^  this  ,s  because  the  axis-cylinders  in  their  regeneration  have 
encountered  an  insurmountable  obstacle  and  are  forced  to  group  tog-ther 
on  the  spot  in  a  more  or  less  bulky  neuroma. 

ah,J^  ^^r  •'.^'■''.™'"*'""  ""  =•  •«-«'  with  the  lesH>n  and  the  complete 
absence  of  formication  below  the  lesion  would  almost  warrant  our  affirming 
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the  complete  interruption  of  the  nerve  and  the  impowibility  of  ipontaneou* 
regeneration. 

If,  on  the  other  hand,  the  regenerated  axik-cylinden  can  overcome 
the  obitacle  and  make  their  way  intn  the  peripheral  ocgmcnt  of  the  nerve, 
we  «ce  a  progrex!>ive  migration  of  the  formication  no  provoked.  PreMure 
on  the  nerve  below  the  wound  produces  thit  tcniation,  and  from  week  to 
week  it  may  be  met  with  at  a  spot  fiirther  removed  from  the  nerve  lesion. 
The  presence  of  formication  provoked  by  pressure  below  the  nev/e  lesion 
warrants  our  affirming  that  there  is  more  or  less  complete  regeneration. 

The  zone  of  formication  so  brought  out  changes  its  place  on  the 
nerve  at  the  same  time  that  the  axis-cylinders  are  advancing  {  it  extends 
progressively  towards  the  periphery  at  the  same  time  that  it  disappears  at 
the  level  of  the  lesion. 

The  "formication  sign"  is  thus  of  supreme  importance,  since  it 
enables  us  to  see  whether  the  nerve  is  interrupted  or  in  course  of  re- 
generation, whether  a  nerve  suture  has  succeeded  or  failed,  or  whether 
regeneration    is  rapid  and   satisfactory  or  rrduccd  to  a  few  insignificant 

fibres. 

Formication  lasts  a  tolerably  long  time ;  appearing  about  the  fourth 
week,  it  persist*  during  the  entire  regeneration,  i,e.,  for  eight,  ten,  twelve 
months  or  more,  gradually  drawing  nearer  the  extremity  of  the  limb.  It 
ceases  only  when  the  regenerated  axis-cylinders  have  almost  regained  their 
adult  stage. 

Formication,  however,  may  be  absent,  both  on  a  level  with  the  lesion  and 
below  it ;  this  absence  is  an  unfiivourabje  prognostic  point ;  it  shows  that 
nerve  regeneration  is  taking  place  imperfectly,  mainly  because  of  general 
disturbances  of  nutrition. 

3.  Bearoh  for  a  neoroma  along  the  tnok  of  the  nenre. — Every  nerve 
lesion  tends  to  cause  the  formation  of  a  neuroma  at  the  injured  spot.  This 
is  sometimes  a  simple  fusiform  thickening  of  the  nerve,  sometimes  a  real 
neuroma  that  is  more  or  less  bulky  ;  at  other  times,  the  nerve  is  simply 
embedded  in  a  cicatricial  fibrous  mass. 

By  careful  palpation  we  often  succeed  in  recognising  the  existence  of 
these  neuromatous  formations  ;  besides,  the  neuroma  so  compressed  is  fre- 
quently the  scat  of  pain  or  formication  which  are  provoked,  according  as 
the  axis-cylinders  which  it  contains  arc  irritated  or  regenerating  re- 
spectively. 

Still,  too  much  importance  must  not  be  attached  to  the  information 
supplied  by  palpation.  First,  because  there  are  many  causes  of  error  ; 
muscular  bundles,  cicatricial  nodules  or  enlarged  glands,  may  easily  be 
taken  for  a  neuroma.  Again,  the  discovery  of  a  neuroma  affords  no 
information  whatsoever  as  to  the  physiological  state  ot  the  nerve  ;  there 
are  neuromata  permeable  to  regenerated  axis-cylinders,  and  others  which 
permit  the  passage  of  no  fibre  whatsoever.  This  is  the  main  point  of  the 
diagnosis,  with  a  view  to  the  prognosis  and  treatment. 
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Conwqucntly,  warrh  for  th«  neuroma,  involvinL^  many  caum  of  error, 
never  indicate*  anything  more  than  the  icat  of  the  IcMon, 

A»  we  iee,  examination  of  the  nerve  logically  terminaten  the  clinical 
examination  of  the  patient.  It  complete*  thin  examination  an«l  enable*  u« 
to  group  together  and  interpret  the  variou*  kymptom*  obtained  by  a  ktudy 
of  the  mtHcie*  and  integument*. 


CHAPTER  III 
ELECTRICAL  EXAMINATION 

Thi  electrical  examination  i»  the  indispenuble  adjunct  to  the  clinical 
examination. 

To  do  this  with  prcciiion  often  requires  the  aid  of  a  specialist.  Still, 
every  clinical  surgeon,  with  a  little  attention,  method  and  practice,  may 
make  it  in  very  simple  and  tolerably  adequate  fashion. 

Th  well-established  facts  of  electro-diagnosis  have  been  for  several 
years  largely  augmented  and  illuminated  by  modern  works,  especially  by 
the  application  to  human  pathology  of  the  investigation  and  the  methods 
of  electro-physiology. 

For  greater  clearness  wc  will  divide  this  study  into  two  parts. 

1.  A  setting  out  of  the  classic  methods  of  electro-diagnosis. 

2.  A  ri'iKW^  of  the  recent  notions  on  electro-physiology  which  complete 
them  and  permit  of  our  interpreting  them. 
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I. -CLASSIC  METHODS  OF  ELECTRO- DIAGNOSIS 

Elri'iriial  cxaminaium  eiwntially  tompriKt  two  ttagct  s 
Examination  by  ihr  t'arailic  lurrcnt  ; 
Examination  by  the  galvanic  current. 

1.  Szuttination  by  the  fandio  current  m.-iy  be  done  in  two  ways  : 

1.  By  the  unipolar  method,  involving  the  application,  on  the  nape 
of  the  neck  or  on  the  lumbar  region,  of  a  large  indifferent  electrode  and 
the  excitation  of  nerve  and  muscles  by  the  sm,ill  active  electrode  (negative 
by  preference).  It  should  be  applied  to  the  motor  point  of  the  muscle 
which  generally  corresponds  with  the  point  of  entrance  into  the  muscle  of 
the  nerve  twig  which  supplies  it. 

2.  By  the  bipolar  method,  in  which  wc  apply  the  two  electrodes  to 
the  nerve  or  muscle  to  be  examined,  m  as  to  include  the  motor  point 
when  separated  by  a  few  centimetres. 

As  a  rule,  the  bipolar  method  is  but  little  used  in  faradic  examination 
of  the  muscles.  In  our  opinion,  however,  it  is  simpler  for  making  a  rapid 
examination  of  the  muscular  groups  ;  it  is  the  method  illustrated  by  the 
works  of  Ouchenne  of  Boulogne. 
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On  the  other  h»nd,  examination  '^f  the  nerve  is  more  difficult  by  this 
method,  the  result  being  that  the  unipolar  method  is  almost  always 
preferred. 

In  Mny  case,  a  successive  examination  of  nerve  and  muscles  should  be 
made,  always  employing  a  vibration  of  from  one  to  three  shocks  per  second. 

Use  will  mostly  be  made  of  a  thick  wire  coil,  the  resistance  of  which 
is  no  more  than  one  to  two  ohms. 

Examination  of  the  nerve  must  be  made  carefully,  as  this  is  far  more 
painful  than  examination  of  the  muscles. 

If  possible,  it  should  be  done  above  and  below  the  nerve  lesion,  note 
being  taken  of  the  jerks  produced  i"  the  corresponding  muscles. 

Indeed,  it  may  happen  that  the  exciution  of  .the  nerve  above  the 
lesion  causes  no  movement  at  all,  whereas  we  note  below  the  lesion  a 
relative  retention  of  excitability.  In  this  case  there  are  two  possibilities : 
sometimes  it  is  a  recent  lesion  where  the  peripheral  part  of  the  nerve, 
separated  from  the  central  portion,  has  not  had  time  to  degenerate  com- 
pletely ;  or  else,  in  certain  cases  of  simple  compression  of  a  nerve  trunk, 
the  lesion  is  sufficient  to  arrest  the  transmission  of  nerve  excitation,  whilst 
not  suppressing  the  trophic  action  of  the  centres  on  the  peripheral  segment 
of  the  nerve  j  the  latter  does  not  degenerate  and  partly  retains  its  excita- 
bility :  this  is  the  phenomenon  described  by  Erb  in  musculo-spiral 
paralysis  by  compression. 

When  excitation  of  the  nerve  above  the  lesion  provokes  contractions 
in  the  muscles  supplied  by  it,  we  may  naturally  sute  that  it  is  not  inter- 
rupted, at  any  rate  in  all  its  fibres. 

Faradic  exploration  of  the  muscles  with  the  thick  wire  coil  enables 
us  to  asceniin  the  entire  series  of  disturbances,  from  simple  hypo- 
excitability  .o  complete  faradic  inexcitability. 

1.  Simple  hypo-excitability  is  judged  by  comparison  with  the  same- 
muscle  on  the  healthy  side.  It  is  necessary  to  sheathe  the  coil  more 
deeply  to  obtain  equal  muscular  contraction.  This  will  be  moi  •  easily 
recognised  by  seeking  on  each  side  for  the  excitation  capable  of  causing 
very  small  contractions  ;  this  is  the  foradic  threshold,  which  is  measured 
according  to  the  length  of  coil  sheathed.  It  is  unnecessary  to  remark  that 
this  method  of  measurement  is  very  uncertain,  even  altogether  incorrect, 
for  the  electric  units  produced  by  the  coil  are  not  at  all  proportional  to 
the  lengths  of  sheathing.  It  would  be  better  to  substitute  for  notation 
of  the  length  of  sheathing,  notation  in  the  quantity  of  electricity  induced, 
a  measure  which  is  quite  a  relative  one,  and  which  some  makers  now 
inscribe  on  their  coils. 

2.  Faradic  ine.i -itability  always  accompanies  complete  peripheral 
paralysis.  There  is  only  one  exception  to  this  rule:  the  paradoxical 
phenomenon  just  mentioned  in  the  slight  and  fleeting  compressions  of  a 
nerve  trunk. 
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Apart  from  this  particr'ir  case,  a  rather  rare  one,  all  nerve  interrup- 
tion or  prolonged  compression  is  accompanied  by  faradic  inexcitability. 
This  is  one  of  the  essential  features  of  the  reaction  of  degeneration.* 

If  we  use  a  sufficiently  strong  current,  we  often  observe  the  contrac- 
tion of  the  neighbouring  and  antagonistic  muscles,  produced  by  diffusion 
of  the  current.  This  is  what  is  called  antagonistic  contraction.  It  has 
no  other  significance  than  to  demonstrate  by  comparison  the  marked 
hypo-excitability  or  the  complete  inexcitability  of  the  muscle  involved. 

Faradic  inexcitability  appears  at  an  early  stage ;  it  is  one  of  the  first 
signs  of  the  RO  and  persists  for  the  entire  duration  of  the  pralysis. 
Faradic  contractility  reappears  only  very  late,  after  the  return  of  the  first 
voluntary  movements,  as  Duchenne  of  Boulogne  has  demonstrated.  But, 
we  must  also  remember,  this  law  is  only  true  if  we  use  a  wire  coil  of 
feeble  resistance. 

Examination  of  nerve  and  muscles  by  the  faradic  current  is  very 
important  for  the  clinical  surgeon,  inasmuch  as  when  complete  faradic 
inexcitability  is  established,  one  is  almost  sure  to  find  with  the 
galvanic  current  a  reaction  of  degeneration  that  is  typical  or  at  all  events 
partial. 


On  the  other  hand,  faradic  examination  enables  us  readily  to  dis- 
tinguish organic  peripheral  paralysis  from  functional  paralysis  in  which 
faradic  contractility  is  always  maintained. 

There  are  but  two  exceptions,  already  mentioned,  to  this  rule.  On 
the  one  hand,  very  recent  paralysis  in  which  the  RD  has  not  yet  come 
about ;  then  we  find  faradic  excitability  rapidly  disappearing.  On  the 
othei'  hand,  the  slight  nerve  compressions,  presenting  the  paradox  of  Erb, 
in  which  the  nerve  and  muscles  are  excitable  btlow  the  lesion,  whereas 
the  nerve  is  incxcitable  above ;  in  a  few  days  or  weeks  we  find  the 
voluntary  movements  reappearing. 

Apart  from  these  two  cases,  all  paralysis  chanicterised  by  maintenance 
of  a  nearly  normal  faradic  contractility  is  not  peripheral  paralysis.  It 
is  functional  paralysis,  hysterical  or  simulated  ;  or  else  of  central  origin, 
from  cerebral  lesion  or  injury  of  the  tracts  in  the  spinal  cord,  and  always 
accomp?nied  by  manifest  objective  symptoms,  disturbances  of  the  reflexes, 
Babinski's  sign,  etc. 

•  It  i>  important  to  note  that  we  arc  here  ipeakin);  only  iif  relative  i'arailic  inexcitability, 
which  is  iletermineil  with  the  or  linary  inatrumcntt  and  the  thick  wire  coil.  Imleeil,  we  shall  see 
that  this  fact  is  only  true  if  we  modify  the  usual  conditions  of  examination.  Kven  if  there  exists 
complete  faradic  inexcitability  with  the  thick  coil,  faradic  inexcitability  of  the  muscle  is  ap- 
parent only  J  we  can  always  get  contraction  of  the  paralysed  muscles  either  by  utilising  far  more 
powerful  coils  or  by  greatly  increasing  the  intensity  of  the  original  current  or  even  by  causing  the 
muscles  examined  tc  ui>>iergo  eltctrotonic  modifications  by  the  simultaneous  passage  of  a  galvanic 
current.  Whenever,  then,  we  speak  of  faraiiic  inexcitabitit),  wc  iticiii  this  itbti^c  cxwitabijity,  iur 
the  thick  wire  coil. 
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Faradic  examination  also  gives  us  other  information  of  less  import- 
ance: the  fiiradic  sensibility  of  skin  and  muscles.  This  sensibility  seems 
to  be  the  first  to  reappear  during  nerve  regeneration. 


In  all  this  description,  we  have  considered  only  the  usual  faradic 
exammation,  with  the  thick  wire  coil.  To  this  method  alone  appiv  the 
classic  ideas  as  to  faradic  excitability  of  the  muscles. 

On  the  other  hand,  if  a  coil  of  greate.  electro-motive  force  is  used,  a 
hne  wire  coil,  for  instance,  the  resistance  of  which  may  reach  800, 
1200  ohms  or  more,  we  find  important  modifications. 

Indeed,  i..  certain  cases,  we  may  ascertain  the  persistence  of  a  slight 
Uradic  contractility  in  spite  of  a  very  pronounced  partial  RD  or  even  a 
complete  RD ;  a  rather  strong  excitation  produces  slight  muscular 
contraction ;,  sometimes  very  short,  oftener  slow,  like  those  produced  by 
the  galvani>-  current  on  the  degenerated  muscle. 

We  may  ilso  see  the  return  of  feradic  excitability  as  one  of  the  first 
signs  of  nerve  regeneration,  when  the  RD  is  still  complete,  as  shown  by 
*••  Mane,  Mei^^e  and  Mme.  Binisty.  Consequently,  investigation  of 
taradic  excitability  x-ith  a  fine  wire  coil  might  with  propriety  supply  the 
place  of  investigation  of  galvanic  reactions  of  regeneratic  ,  and  one  might 
follow  the  whole  progression  of  faradic  excitability  up  to  the  normal. 

Later  on  we  shall  see  how  these  apparently  paradoxical  results  may  be 
interpreted.  ' 

In  any  case,  this  process  of  examination  is  not  to  be  recommended. 

It  requires  currents  of  relatively  great  intensity  and  consequently 
painful;  the  contractions  obtained  in  the  degenerated  muscles  depend 
not  only  on  the  intensity  of  the  current,  but  also  on  the  duration  of  the 
exciting  wave,  which  is  extremely  variable  ;  it  depends  on  the  charac- 
teristics of  the  coil,  on  the  phenomena  of  self-induction,  on  the  produc- 
tion of  rupture  sparks,  which  increase  the  duration  of  the  passage  of  the 
current,  etc. 

This  method,  then,  gives  inconstant  results  and  inaccurate  information. 
It  cannot  be  measured  and  so  is  greatly  inferior  to  galvanic  examination. 

On  the  other  hand,  Babinski,  Delherm,  and  Jarkovski  have  shown  that 
It  IS  possible  to  cause  faradic  contraction  to  reappear  in  paralysed  muscles 
by  associating  with  fkradization  the  passage  of  a  galvanic  current  into  the 
limb.  This  latent  faradic  excitability  seems  to  constitute  an  intermediate 
degree  between  hypo-excitability  and  utter  inexcitability. 

8.  Examination  by  the  galvanic  ourrent.-This  examination  may 
also  take  place  by  the  unipolar  or  the  bipolar  method  ;  but  here  the  unipolar 
method  IS  far  preferable  :  one  might  almost  say  that  it  is  practically  the  onlv 
one  possible.  '  ^  '  } 
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The  examination  is  made  *rith  a  large  doraal  indifierent  electrode  and 
a  small  electrode  applied  to  the  motor  points  j  this  electrode  is  made  positive 
or  negative  in  turn  by  means  of  a  current  reverser  (Courtade's  key). 
The  nerve  and  the  muscles  supplied  by  it  will  he  examined  in  turn. 
It  must  be  remembered  that  muscular  contraction  takes  place  only  at 
the  moment  of  the  closing  and  of  the  opening  of  the  current.  The  closing 
contraction,  the  stronger  one,  is  generally  the  only  one  sought  for.  The 
contraction  on  opening  the  current,  requiring  greater  intensity,  is  seen  only 
in  certain  pathological  states. 

Three  elements  of  muscular  contraction  under  the  galvanic  current 
require  special  study. 

I.  The  intensity  of  the  current  necessary  to  produce  at  the  closing  the 
minimum  contraction  ;  this  is  the  threshold  of  excitation. 

In  an  injured  nerve,  it  will  be  possible  to  ascertain  the  diminution  or 
disappearance  of  galvanic  excitability.  Galvanic  inexciubility  is  the 
absolute  rule  in  all  cases  of  interruption  of  the  nerve. 

In  the  paralysed  muscle,  on  the  other  hand,  galvanic  inexciubility  is 
a  very  rare  phenomenon  ;  it  is  found  only  in  cases  where  the  degenerated 
muscle  has  finally  lost  all  contractile  structure  and  has  become  transformed 
into  a  mere  bundle  of  connective  tissue.  This  is  the  last  stage,  long 
delayed,  of  muscular  degeneration. 

Almost  always  we  find  in  the  paralysed  muscle  an  apparent  simple 
hypo-excitability.  It  can  be  measured  by  the  number  of  milli-amperes 
necessary  to  obtain  cont  ction,  rising  from  one  or  two  (the  normal  figure) 
to  five,  ten,  or  twenty-,    e  milli-amperes. 

Tlie  normal  theshold  of  galvanic  contraction  varies  according  to  the 
muscle  and  the  patient  ;  it  must  accordingly  be  sought  by  comparison 
with  the  healthy  side.  e        /  f 

On  the  other  hand,  it  varies  considerably  according  to  the  point  of 
excitation  of  the  muscle  ;  from  one,  two,  three  milli-amperes  by  excitation 
of  the  motor  point  the  figure  easily  rises  to  four,  five,  eight  milli-amperes 
as  soon  as  one  moves  from  this  point.  Consequently,  minute  search  must 
be  made  for  the  motor  points  of  each  muscle. 

2.  The  pole  capable  of  inducing,  with  the  same  current,  the  strongest 
contraction  ;  or  rather,  the  pole  susceptible  of  inducing  the  minimum 
contraction  with  the  weakest  current. 

We  must  therefore  compare  the  negative  threshold  and  the  positive 
threshold. 

Normally  it  is  the  negative  pole  which,  on  the  closing  of  the  current, 
induces  the  strongest  contraction  ;  this  is  expressed  in  the  followine 
formula : —  ^ 

KCC  >  ACC. 
If  contraction  is  stronger  at  the  positive  pole,  we  have  an  inversion  of 
the  polar  formula,  and  this  is  written — 

ACC  >  KCC. 
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If  the  contractions  are  equal,  there  is  said  to  be  polar  equality. 

Certain  muscles,  particularly  the  supinator  longus,  the  tibialis  anticus, 
the  peroneals,  sometimes  exhibit  normally  the  phenomenon  of  inversion  or 
of  polar  equality. 

3.  The  form  of  contraction. 

Normal  contraction  is  rapid  and  short,  a  sudden  flash. 

In  peripheral  paralysis  with  degeneration,  contraction  becomes  slow 
and  delayed. 

Frequently  when  compelled  to  use  a  current  of  considerable  intensity, 
it  is  difl^d  over  the  neighbouring  or  antagonistic  muscles.  Then  there 
is  observed  an  initial  short  contraction  of  the  antagonists,  followed  by 
slow  contraction  of  the  muscles  involved.  Sometimes  it  is  difficult  to 
distinguish  this  slow  contraction  from  simple  return  of  the  stimulated 
antagonistic  muscles  to  the  normal  state. 


ELECTRICAL  SYNDROMES 

I.  Syndrome  of  nerre  interrnptioii. — Reaction  of  complete  uecene- 
'  RATION. — In  cases  of  peripheral  paralysis  both  the  hrmUc  and  the  galvanic 
examination  almost  invariably  give  concordant  results,  the  sum  total  of 
which  constitutes  the  reaction  of  degeneration. 

The  typical  and  classic  RD  is  made  up  of  the  following  characteristics  : 

Faradic  and  galvanic  irfxcitability  of  the  nerve; 

Faradic  inexcitiibility  of  the  muscle  ; 

Galvanic  hypo-excitability  at  the  motor  point  with  polar  inversion  and 
slow  contraction.  As  we  shall  see,  this  apparent  galvanic  hypo-excitability 
is  due  to  inexcitabiiity  of  the  nerve  twig  involved  at  the  motor  point ;  the 
muscle  itself  is  really  hyper-excitable,  especially  at  the  beginning  of 
the  RD. 

Of  these  three  latfr  elements,  it  is  slow  contraction  that  seems  to  be 
of  greatest  importance.  Without  great  hypo-excitability  and  without 
polar  inversion,  slow  contraction  seems  sufficient  to  characterise  the  RD. 

We  must  add  to  these  characteristics  what  is  somewhat  erroneously 
called  the  displacement  of  the  motor  point ;  this  latter  appears  no  longer  to 
have  its  seat  at  the  upper  part  of  the  muscle  but  to  be  approaching  its  lower 
insertion,  being  found  at  times  even  in  the  neighbourhood  of  its  termination 
on  the  tendon.  In  reality,  the  muscle  deprived  of  its  nerve  responds  the 
better  to  electrical  excitation  from  the  fact  tiu.L  this  latter  affects  a  greater 
part  of  the  muscular  body.  This  is  Doumer-Huet's  longitudinal  reaction, 
characterised  by  the  fact  that  the  muscle  is  more  excitable  at  the  level  of  the 
muscular  body  and  especially  in  the  neighbourhood  of  the  tendon.  This 
longitudinal  excitation  almost  always  occurs  along  the  negative  pole,  even 
when  there  is  complete  RD,  and  polar  inversion  at  the  motor  point. 

The  slowness  of  contraction  to  longitudinal  excitation  is  often  more 
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marked  than  to  excitation  M  the  motor  point.  It  often  pertittt  even  when 
cxciution  at  the  motor  point  of  the  muacle,  in  procew  of  recovery.  bcKin* 
to  give  a  quick  contraction. 

The  longitudinal  excitability  of  the  paralysed  miucle  ii  greater  than  that 
of  the  healthy  muKle.  This  i«  one  of  the  facts  that  demonstrate  the 
hyper-excitabiity  of  the  paralysed  muscle ;  it.  hypo^excitability  is  but 
apparent,  resulting  from  the  inexcitability  of  the  motor  twig  supplying  it. 
but  the  muscle  itself,  deprived  of  its  nerve,  is  really  more  excitable  than 
m  the  normal  condition.  This  galvanic  hyper^xcitability  of  the  muscle 
IS  often  very  marked  during  the  first  few  weeks  of  paralysis. 

It  is  also  by  longitudinal  exciution  that  we  most  easily  find  the  opening 
contraction  :  always  stronger  at  the  positive  pole,  in  contradistinction  to 
the  closing  contraction,  it  is  easy  to  provoke  only  in  cases  of  complete  RD. 
with  hyper-exjcitability  of  the  paralysed  muscle. 

The  reaction  of  complete  degeneration  is  generally  related  to  complete 
interruption  of  the  nerve. 

It  does  not  come  about  all  at  once,  but  within  a  fortnight  or  three 
weeks ;  it  gradually  becomes  more  pronounced,  passing  through  all  the 
pha«s;  by  degrees  the  nerve  loses  all  excitability;  the  muscle  loses  its  • 
fiiradic  excitability  with  the  thick  wire  coil  and  then  with  the  thin  wire  coil, 
at  the  same  time  that  galvanic  hyper-excitability,  polar  inversion,  slow 
contraction  and  longitudinal  reaction  become  obvious. 

Nerve  regenerations,  after  complete  interruption,  act  in  exactly  the 
opposite  way.  On  examining  the  muscles,  we  find  that  galvanic  hypo- 
excitobility  diminishes,  that  polar  inversion  becomes  polar  equality  and  then 
returns  to  its  normal  form  ;  slow  contraction  gradually  accelerates ;  we 
ascertain  the  reappearance  of  feradic  sensibility  and  faradic  contraction 
with  the  thin  wire  coil,  then  fiiradic  contractility  with  the  thick  wire 
coil  reappears,  though  generally  tardily  and  preceded  by  the  return  of 
voluntary  contractility. 

The  nerve  also  slowly  resumes  its  normal  excitability.  As  a  rule  the 
voluntary  movements  appear  before  the  excitability  of  the  nerve. 

As  the  dilFerent  muscles  of  the  same  nerve  region  resume  their  functions 
according  as  they  are  affected  by  the  progression  of  the  regenerated  axis- 
cylinders,  we  note  the  first  signs  of  improvement  in  those  muscles  supplied 
by  the  nerve  nearest  the  origin  of  the  limb.  There  result  therefrom 
dissociations  in  the  reaction  of  degeneration. 

In  a  paralysed  muscle  we  may  also  note  the  return  of  the  normal 
reactions  in  some  muscular  fibres  at  the  upper  part  of  the  muscle,  around 
the  motor  point,  whereas  the  lower  fibres  still  present  the  RD  and  still 
respond  to  longitudinal  reaction  by  slow  contraction. 

2.  SyndrOTiM  rf  eompreiiioii  or  irritation Reaction   of  partial 

DEGENERATION.— The  RD  is  usually  incomplete  or  only  faintly  indicated 
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if  there  i*  no  nerve  intemi)ition,  in  limple  comprewions  or  in  caic*  of 
moderate  nerve  irritation. 

Very  diflferent  type*  of  partial  RD  may  be  found. 

Sometimes  it  conutti  of  a  timple  widespread  hypo-excitability  of  nervet 
and  muscles  to  the  faradic  and  galvanic  currents. 

At  other  times  it  consists  of  a  faradic  and  galvanic  hypo-excitability  of 
the  muscles,  along  wich  incxcitability  of  the  nerve  trunks.  It  is  in  these 
cases  that  we  can  at  times  observe  the  slowness  of  the  contraction  under 
the  fiiradic  current. 

In  other  cases,  there  is  lacking  only  on?  factor  to  the  complete  RD  : 
the  contraction  is  not  very  slow,  or  else,  vhilst  slow  to  the  positive,  it  is 
quick  to  the  negative,  corresponding  to  the  slightest  forms  of  the  RD  ( 
again  it  is  the  polar  inversion  that  (ails,  or  rather  it  disappears  when  we 
cross  the  threshold  of  exciution  ;  or  again  we  find  that  longitudinal  hyper- 
excitability  fails. 

t 

8.  SyndroBiM  of  flbrou  tnuuformatien. — Electrical  iNEXciTABiLtrv 
OF  THE  MUSCLE. — In  the  complete  RD,  we  have  seen  that  galvanic  excit- 
ability was  retained ;  apparently  diminished  if  we  seek  excitation  at  the 
motor  point,  but  in  reality  increased  if  we  excite  the  muscular  body  itself 
or  seek  longitudinal  reaction. 

This  excitability  of  the  muscle  may  be  seen  to  diminish  or  even 
disappear  completely,  at  all  events  with  currents  of  twenty-five  to  thirty 
milli-ampcres,  the  only  ones  that  can  practically  be  utilised  in  electro- 
diagnosis. 

This  reaction  of  muscular  hypo-excitability  or  inexcitability  always 
indicates  very  profound  lesions  of  the  muscle ;  it  shows  that  the  muscle 
has  lost  its  contractile  structure,  and  that  it  has  undergone  more  or  less  a 
process  of  infiltration  or  one  of  fibrous  transformation.  This  reaction 
is  met  with  in  certain  cases  of  long-standing  nerve  interruption  ;  it 
appears  more  quickly  in  muscles  left  untreated  by  either  massage  or 
electricity. 

Consequently  it  has  a  relatively  serious  prognosis.  It  should,  how- 
ever, be  known  that  this  muscle,  even  after  fibrous  transformation,  may 
slowly  regain  its  normal  characteristics  if  the  regenerated  axis-cylinders 
reach  it  soon  enough. 

The  syndrome  of  muscular  hypo-excitability  or  of  muscular  inexcita- 
bility is  found  with  quite  special  frequency  in  nerve  irritation,  which  so 
often  causes  fibrous  contraction  and  infiltration  of  the  muscles. 

It  is  often  superposed  on  the  RD,  emphasising,  sometimes  to  an 
enormous  degree,  the  galvanic  hypo-excitability  of  the  muscles. 

In  other  cases,  it  exists  without  the  RD,  it  is  then  characterised  by 
marked  hypo-excitability  of  the  nerves  and  muscles  to  the  faradic  and 
galvanic  currents.  It  is  found  in  these  caM:s  that,  in  cuiitraJi»tinction  to  the 
syndrome  of  the  paralytic  partial  RD,  the  hypo-excitability  of  the  muscle 
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to  the  fiiradic  and  to  the  galvanic  current*  at  the  motor  point  it  not 
accompanied  by  the  usual  longitudinal  hypcr-cxcitabtliiy. 

In  certain  caae*,  one  may  even  axertain  the  apparently  paradoxical 
BHOciation  of  the  folbwing  tymptomt : 

The  nerve*  and  muicles  are  almost  incapable  of  being  excited  by  the 
usual  foradic  and  galvanic  currents  i  but  violent  fiuadic  shoclu,  or  galvanic 
currents  at  the  motor  point  up  to  twenty-five  or  thirty  milli-ampercs  produce 
rather  feeble  contractions  of  small  areas,  limited  to  a  few  muscular  fibres  j 
we  are  surprised  to  find  that  these  contractions  are  quick,  without  polar 
inversion. 

As  Huet  has  shown,  this  reaction  after  all  has  a  reUtively  favourable 
prognosis.  It  shows  that  the  muscle  has  undergone  a  more  or  less  pro- 
found  fibrous  transfomution,  from  lack  of  attention  or  else  from  nerve 
irritation  ;  but  at  the  same  time  it  indicates  the  persistence  of  healthy,  or 
the  arrival  of  some  regenerated  axis<ylinders  and  enables  us  to  predict  the 
slow  restoration  of  motor  functions. 

4.  iMetira  of  lihaBrttwL— Sometimes  we  find  in  weakened  muscles, 
and  oftener  during  muscuUr  regeneration,  an  indication  of  the  reaction 
of  exhaustion  described  by  Jolly  in  myasthenia. 

The  muscle  makes  unequal  responses  to  successive  foradic  excitorions, 
or  rather,  if  we  utilise  a  somewhat  rapid  faradic  rhythm,  we  find  a  con- 
traction  foil  from  time  to  time  ;  there  are  «•  misses"  comparable  to  those 
of  cardiac  arhythmia  in  myocardial  lesions. 

In  other  cases,  if  the  muscle  i%  excited  by  a  rapid  rhythm  or  a 
tctanising  current,  it  is  found  to  become  rapidly  inexcitable. 

6.  MjrotOBle  Eawtioa —Lastly,  in  some  cases  of  slight  neuritis, 
usually  accompanied  with  contraction,  the  muscles  seem  to  be  slightly 
hyper-excitable  under  the  faradic  current ;  tetanisation  seems  to  take  place 
with  interruptions  somewhat  less  rapid  than  in  the  normal  state,  which 
simply  shows,  after  all,  a  certain  prolongation  of  the  contraction.  This, 
however,  is  not  the  true  myotonic  reaction,  which  is  mainly  characterised 
by  a  tonic,  lasting  contraction,  persisting  after  the  cessation  of  galvanic 
excitation.  It  essentially  characterises  Thomsen's  disease  and  certain 
myopathies.  It  does  not  exist  so  clearly  in  cases  of  nerve  lesion  ;  all  the 
same,  in  recent  cases  of  paralysis  one  may  at  times  observe  a  faint  con- 
traction persisting  during  the  passage  of  the  galvanic  current.  This  is 
the  exaggerated  manifestation  of  galvano-tonus,  or  galvanic  hyper-excita- 
bility of  the  muscle,  which  exists  in  recent  RD. 


■  »  • 

The   disturbances  of  electrical  reactions  and    the  RD    in  particular 
essentially  characterise  peripheral  paralysis,  i.f.  those  which  result— 

From    lesion   of   the   motor    cells 
hematomyeiia,  trc.y  ; 


of  the  spina!  cord  (poliomyelitis. 
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From  lesion  of  the  anterior  roocf  (inflamnution  of  the  rooti,  com- 
preNiont,  etc.)  i 

From  trumutic  lesion  uf  the  plexu»c«  or  peripheral  nerves  \  from  the 
poljrneuritct. 

Functional,  hyttcrical  paralyicf  and  paralyic*  of  cerebral  origin  or 
resulting  from  lesion  of  the  pyramidal  tract  {upper  motor  neurone)  are 
never  accompanied  by  important  disturbances  of  the  electrical  reactions. 
At  most  there  is  slight  hypo-excitability  from  muKular  disuse. 

At  the  same  time,  in  sections  of  the  cord,  wc  may  frequently  note  im- 
portant electrical  dnturbances.  as  remarked  by  P.  Marie  and  Foix,  but  they 
manifestly  result  from  the  reaction  of  the  grave  medullary  lesion  on  the 
motor  cells  of  the  anterior  horns  below  the  lesion. 

Only  one  affection  is  accompanied  by  electrical  disturbances  as  profound 
•nd  rapid  as  those  of  the  peripheral  nerve  lesions  this  is  ixhemic  paralysis 
from  arterial  obliteration.  Still,  we  see  rather  the  syndrome  of  fibrous  trans- 
formation of  the  muscles  than  the  true  RD  ;  inexcitability  of  the  muscles 
comes  on  earlier  and  is  more  marked  than  the  inexcitability  of  the  nerve 
controlling  it. 


II.— SOME  POINTS   IN  ELBCTROPHYSIOLOOY 

Modern  investigations  in  electrophysiology  now  enable  us  to  complete 
and  interpret  the  information  supplied  by  the  classical  electro-diagnosis. 

Three  important  points  stand  out  prominently  : 

I.  The  active  pole— which  is  always  the  negative  pole,  at  the  closing 
of  the  current ; 

a.  The  galvanic  hyper-exciubility  of  the  muscle  deprived  of  its  nerve  j 

3.  The  velocity  of  excitability  or  thronaxie. 

1.  Polar  Action. — It  now  seems  proved  that  the  negative  pole  alone 
is  capable  of  producing  a  closing  contraction  with  the  galvanic  current. 

Consequently,  the  contraction  obtained  by  the  positive  pole  in  the 
paralysed  muscles  and  characteristic  of  polar  inversion  of  the  RD,  is  fidsely 
attributed  to  the  action  of  this  pole.  It  results  from  the  action  of  a  virtual, 
negative  pole,  appearing  deep  within  the  tissues  and  in  the  muscle  itself. 

I.  As  a  demonstration,  an  interesting  experiment  made  by  Cardot  and 
Laugier  nuy  be  given.* 

A  frog't  gattrucncmiut  and  the  nerve  supplying  it  are  platctl  in  a  small  box  madt 
ot  paraliin  wax,  divided  into  two  conipartinentt  by  a  partition  travened  by  the  nerve. 
Thus  there  are  two  teparatc  rooms,  the  one  tor  the  muscle,  the  other  for  the  nerve,  which 
passes  across  the  partition  and  penetrates  the  muscle. 

A  wide  indifferent  electrode  supports  the  muscle,  a  small  active  one  surrounds  the 
nrrve. 


*  H.  Carilot  and  A.  Laugier.    Jouriul  de  Pkjautafit  ii  Jt  I'aUiJtpi  gt'tu'raJt. 


Paris,  1912. 
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Uik  of  thrw  clerWMdn  nuy  be  mwlc  |Ni«iii*«  or  ncgaiivr  ii  will ,  whencvrr  lh« 
riumnt  i(  tMabiitknl,  uid  in  whiiMMVcr  riirrrlitifl,  tlia  muirlr  coninrtt. 

W«  barr  lo  ilUcuvcr  which  li  thr  wiivc  poir,  ami  upun  what  li  utt,  iwrve  or  mutclc. 

Now,  U|>ir<|ur  ha*  thimn  that  tht  vclocitjr  irf  cxriubilily  or  c»nmmxit  of  a  iiruiu- 
niiwular  tjrMcm  v*rin  with  the  l(ni|)cnlurt.  Thui,  by  rarying  the  Icmpcraiurr  of  out 
u<  tht  two  romiartniciila,  tht  trariaiiont  of  ctnmaxif  <an  ht  MiHliol  ami  the  piubleiii 
H>lv«d.  ^ 

tndrctl,  If  the  nerrc  rom^rtment  ami  ihr  nervr  itielf  arc  brought  into  different 
lrm|irratum,  with  the  nrgatitc  pole  we  ihall  obtain  currci|Mimlinx  iliffrrciicetof  velocity  , 
»,  on  the  other  hand,  we  apply  to  the  nerve  the  powtive  rieitrode,  the  veloiiiy  ot 
ncllaMlily  remains  invariabk,  whatever  the  variatioiK  uf  temperature. 

Convenely,  if  the  temperature  a4  the  compartment  containing  ttw  muacle  ii  made  in 
vary  whilM  maintaining  the  nerve  at  a  conuani  temperature,  we  find  that  only  rxritaliun 
of  the  muwle  by  the  negative  pok  it  affected  by  the  variation*  of  temperature. 

Thiw  it  i*  tlemoiMtnted  that  the  negative  pole  alone  i«  active  at  the 
closing  of  the  current  for  nerve  and  muacle  alike,  since  the  negative 
excitation  alone  is  influenced  by  Vifiationt  of  temperature. 

It  ha>.  also  been  ahown  that,  at  rkm  opening  of  the  current,  the  positive 
pole  aion.  is  efficacious.  But  the  opening  contraction  at  the  positive  jwie 
is  usually  fiot  utilisable  in  elc(  tro-diat;  «'»•  I»  rt^uires  an  intensity  tight 
to  ten  times  greater  than  the  closing  contraction  ast  the  negative  pole. 

2  Thi  principle  that  the  negative  pole  alone  is  active  at  the  closing 
of  the  currt-nt  thus  seems  in  formal  contradiction  to  the  results  of  the 
electro-diagrrjsis  in  the  paralysed  muscles,  showing  the  existence  of  a  ptilar 
inversion  anU  of  a  closing  contraction  at  the  positive  pole. 

An  experiment  of  Bourguignon  ♦  clearly  shows  that  this  contradiction 
is  but  apparent. 

Thus,  if  we  apply  a  small  active  electrode  to  a  superficial  nerve, 
■  jsc  to  muscular  bellies  independent  of  its  motor  supply  (as,  e.i;.,  is  the 
musculo^piral  nerve,  in  the  groove  of  the  bicep  or  the  median  at  the 
inner  surface  of  the  arm),  we  obtain  by  a  rather  powt  tul  nt  iuive  or 
positive  excitation  very  different  results. 

Excitation  of  the  ne-ve  by  the  negative  pole  will  produce  at  ic  clo-  r.; 
of  the  current  a  contraction  in  all  the  muscles  it  supplies  in  tlio  i   rearm. 

The  closing  excitation  it  the  same  point  by  he  positive  p^de,  however 
causes  no  movement  in  the  muscles  supplied  b\  the  nerve.  On  the  other 
hand,  we  notice  a  contraction  in  the  neighbouring  muscles,  bictps  and 
triceps. 

Positive  excitation,  then,  has  not  taken  place  j  t  iier\e  placed  in 
contact  with  the  electrode  ;  it  has,  however,  affect  I  a  „taih,  the  muscles 
next  to  this  nerve. 

It  is  therefore  proved  that  the  positive  c  in  c.  t.ict  with  the  nerve 
is  inactive.     The  motor  response,  a  d'ntann,  c>^  the  iieiiiibtmring  muscles 

*  Hiiurgulgnun.     Rtvut  ntuioUgi^iu,  Ap      ;o,  .14. 
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M  due  to  the  exittcnce  of  a  virtual  ncntstive  pole,  which  the  real  positive 
pole,  applied  to  their  surface,  causes  tu  appear  in  the  neiKhhourini; 
muscle*. 

This  virtual  pule,  however,  appcarini-  '  <'|)  in  the  lissucn,  along  the 
course  of  the  lines  of  force,  naturally  has  n  lie  density  of  the  superficial 
pole  represented  by  the  small  active  electrode.  Its  nction,  conM.i]ucntly, 
is  diffused  {  it  falls  upon  the  mass  of  the  musik's  :ind  not  in  a  precise 
energetic  fashion  on  the  motor  nerve  twig  inncrvatintt  them. 

From  these  facts  'he  following  conclusions  may  be  drawn  ; — 

The  negative  pole,  at  the  closiing  of  the  current,  exeaiscs  a  direct, 
precise  and  limited  action  on  the  nerves  and  muscles  with  which  it  is  in 
contait.  Moreover,  it  causes  to  appear  deep  in  the  tissues  a  virtual 
positive  pole,  inactive  and  devoid  of  imporunce. 

The  positive  pole,  on  the  surface,  acts  indirectly  at  the  closing,  through 
the  virtual  negative  pole  which  it  causes  to  appear  deep  in  the  tissues. 
This  excitation,  therefore,  is  more  diffused,  indefinite  and  imperfectly 
limited  }  having  less  density,  it  requires  a  far  greater  intensity  tn  produce 
the  siune  rcsjUs. 

Tliese  facts  enable  us  to  explain  the  electrical  reactions  of  a  normal 
muse  I  •  and  of  a  paralysed  muscle. 

{'^  If  we  excite  a  healthy  muscle  at  the  motor  [mint,  we  find  that  it 
contntcts  at  the  closing  of  the  current,  under  the  direct  action  of  the 
negative  pole,  with  a  very  small  current ;  for  instance,  the  thresliolJ  is  at 
one  to  two  niilli-amperes.  The  excitation  has  acted  directly,  with  great 
intensity,  on  the  motor  twig  of  the  muscle.  In  these  conditions  it  has 
produced  the  maximum  of  useful  effect. 

At  the  same  point,  with  the  s.ime  current,  the  positive  pole  is  altogether 
ineffective.  The  intensity  of  the  current  must  be  sensibly  increased  to 
find  the  posit  ive  threshold,  /'.<>.  to  cause  to  appear  in  the  muscle  a  t  irtual 
negative  pole,  capah!e  of  producing,  in  spite  of  its  diffusion,  an  equally 
strong  excitation. 

If  the  muscle  is  excited  outside  of  the  motor  point,  at  the  level  of  the 
muscular  belly,  or  by  longitudinal  txc it.it ion,  we  at  once  see  that  greater 
intensity  is  needed  to  ohiain  the  threshold  of  contraction.  For  instance, 
five,  six,  eight  milli-ampcKr<i  are  needed  to  obtain  the  contraction.  This 
is  because  excitation  no  longer  acts  directly  on  the  motor  twig  but  is 
drffused  with  less  intensity  in  the  muwrle  itself. 

Again,  we  shall  see  that  tiie  muscle  resixinds  .ilmost  .xs  well  and  often 
evc  T  far  better  to  the  positive  pole.  In  this  citsc  it  is  excited  by  the 
virtual  negative  pole  in  its  depth. 

Thus  we  understan  '  '  >*■  may  find  in  a  talthy  muscle  false  polar 
equalities  and    false  '  '■•    -^h'-'^  t:\<  '.ion  does  not  bear 

exactly  on  the  moto  i  '^  wifh  difficulty 

accessible  on  the  s- 
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(*)  In  a  paralysed  muscle  there  is  no  longer  any  real  motor  point  5  the 
nerve  twig  supplying  it  is  inexciMble. 

On  the  other  hand,  the  muscle  itself  has  retained  its  excitability  ;  we 
shall  even  see  shortly  that  this  excitability  is  usually  increased.  It  contracts, 
however,  only  under  the  influence  of  a  diffused  current,  distributed 
throughout  the  muscular  belly,  the  density  of  which  current,  consequently, 
will  be  less  great,  whilst,  in  order  to  produce  the  same  contraction  as  the 
excitation  of  the  nerve,  it  will  have  to  possess  greater  intensity. 

In  these  conditions,  the  muscle  makes  a  similar  response  when  excited 
at  the  motor  point  or  at  a  distance  from  this  point  j  by  exciution  of  the 
muscular  belly  itself  and  especially  by  its  longitudinal  excitation  we  obtain 
even  a  stronger  contraction  than  at  the  motor  point :  this  is  the 
phenomenon  inaccurately  designated  as  the  descent  of  the  motor  point,  or 
more  correctly  the  longitudinal  reaction. 

If  the  n^ative  electrode  is  applied  to  the  muscle  in  its  lower  part  or 
in  the  neighbourhood  of  the  tendon,  the  current  directly  excites  the 
muscular  fibres  throughout  their  whole  length ;  longitudinal  reaction  is 
thus  almost  always  produced  more  readily  by  the  negative  pole. 

If,  on  the  other  hand,  the  negative  electrode  is  applied  to  the  upper 
part  of  the  muscle,  near  the  motor  point,  the  muscular  fibres  are  excited 
only  partially  and  feebly  ;  if  we  use  the  positive  electrode,  it  causes  to  appear 
in  the  muscular  body  a  virtual  negative  pole,  the  action  of  which  on  the 
muscular  fibres  is  direct  and  hi  more  effective  than  surfiice  excitation  ;  we 
obtain  polar  inversion. 

8.  Hyper-ezeitobilitj  of  the  paralyied  mnaclei. — Galvano-tonus. — 
Apparently  the  paralysed  muscle  is  less  excitable  under  the  galvanic 
current  than  the  healthy  muscle.    The  contrary,  however,  is  the  case. 

The  paralysed  muscle  has  lost  its  nerve  excitability,  i.e.  it  is  impossible 
to  excite  «t  the  motor  point  the  nerve_  twig  which  normally  responded  to 
a  very  feeble  current. 

The  muscle  itself,  however,  has  retained  its  excitability,  which  is  more 
difficult  to  provoke  than  that  of  the  nerve,  on  account  of  the  diffusion  ; 
consequently  it  requires  greater  intensity. 

This  electrical  exciubility  of  the  paralysed  muscle  is  frequently  intensified, 
just  as  we  have  found  its  mechanical  excitability  intensified,  as  shown  by 
the  idio-muscular  reflexes. 

Only  after  some  time,  with  the  progress  of  muscular  atrophy,  the 
prolonged  disuse  of  the  muscle  and  the  gradual  disappearance  of  the 
contractile  structure,  do  its  electrical  and  mechanical  excitability  diminish 
and  finally  disappear. 

There  are  two  ways  of  accounting  for  this  hyper -excitability  of  the 
recently  paralysed  muscle. 

First,  by  investiir-cing  the  threshold  in  the  neighbourhood  of  the 
motor  point }  the  rjuscle  usually  responds  to  the  positive  pole. 
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Polar  inversion  takes  place  and  we  find  that  the  positive  threshold  is 
often  less  raised  on  the  paralysed  muscle  than  on  the  healthy  one. 

Secondly,  we  can  more  easily  recognise  this  hyper-excitability  by 
longitudind  excitation.  The  muscle  almost  always  responds  to  the 
negative  pole,  and  this  threshold  of  longitudinal  excitation  is  always  far 
less  raised  thar.  -.n  the  healthy  muscle. 

In  some  cases  there  is  also  seen  to  appear  the  opening  contraction 
which  is  difficult  to  obtain  on  the  healthy  muscle  with  bearable  currents. 

This  hyper-excitability  of  the  paralysed  muscle,  shown  by  longitudinal 
excitation,  is  particularly  clear  in  cases  of  recent  paralysis  ;  it  diminishes 
with  the  progress  of  the  atrophy.  It  may  even  appear  in  muscles  in- 
completely paralysed  and  thus  demonstrate  very  slight  nerve  lesions.  It 
disappears  somewhat  rapidly  as  soon  as  nerve  regeneration  manifests  itself. 
It  is  sometimes  called  galvano-tonus. 


A  therapeutic  effect  results  from  this  conception  of  the  longitudinal 
hyper-excitability  of  the  paralysed  muscle. 

It  is  logical  to  provoke  by  longitudinal  excitation  the  contMctions  used 
in  galvanic  treatment  ;  they  are  fuller,  more  complete  and  easier  to  obtain 
with  feeble  currents ;  the  method  of  longitudinal  excitation  produces  the 
maximum  of  efFect  with  the  minimum  of  current. 


3.  Velooity  of  excitability. — Chronaxie. — The  conception  of  velocity 
of  excitability,  introduced  into  electrophysiology  by  Engelmann,  Dubois, 
Weiss,  Lapicque,  etc.,  has  only  of  recent  years  found  a  practical  applica- 
tion in  electro-diagnosis. 

It  is,  however,  most  important,  as  are  also  its  practical  consequences. 

I.  Velocity  of  excitability  may  be  measured  by  the  minimum  duration 
of  the  passage  of  the  galvanic  current  necessary  to  produce  the  threshold 
of  contraction  with  the  minimum  intensity  (for  an  indefinite  duration  of 
passage). 

In  order  that  a  muscle  may  contract,  there  must  be  excitation  of  the 
muscle  or  nerve  supplying  it  with  a  minimum  of  intensity  ;  this  is  the 
threshold  of  cxcit.ition. 

That  this  minimum  current,  however,  may  be  effective,  it  must  last 
some  time ;  below  this  minimum  duration  the  same  current  remains 
ineffectual ;  if  this  duration  is  increased,  the  muscular  contraction  obtained 
at  ti.e  opening  remains  the  same,  however  long  ihe  current  takes  to  pass. 

If  we  diminish  the  minimum  duration  of  the  passage  of  the  current, 
there  is  no  longer  any  contraction  by  the  liminal  current ;  contraction 
can  he  obtained  only  by  increasing  the  intensity  of  the  current. 

This  minimum  duration  of  the  liminal  current,  capable  of  determining 
the  threshold  of  excitation  indefinitely,  is  a  measure  of  the  velocity  of 
excitability. 

For   practical    reasons,    most   recent   researches  have  utilised  another 
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measure  of  velocity  of  excitability.  First,  the  physiologists  determine 
the  threshold  of  excitation  for  a  current  of  indefinite  duration  :  this  is  the 
kheobase  or  rhcobasic  threshold  of  Lapicque.  Then  wc  seek  the  velocity 
tf  excitability  for  a  current  twice  as  intense  as  the  rheobase.  To  this 
ninimum  duration  of  passage  for  a  double  intensity  of  the  rheobase 
J^apicque  gave  the  name  of  chronaxie. 

The  ...limum  duration  of  passage  for  the  liminal  current,  and 
chronaxit,  are  two  different  measures  of  the  velocity  of  excitability  ;  the 
former  is  about  ten  times  greater  than  the  latter. 

The  relation  between  duration  and  intensity  of  the  liminal  current  is 
particularly  important.  For  the  same  muscle  of  the  same  species  in 
identical  conditions  it  is  invariable. 

Consequently  it  supplies  a  mathematical  and  measurable  basis  for 
reckoning  the  excitability  of  a  nerve  or  muscle. 

It  is  also  an  extremely  sensible  method  ;  the  works  of  Lapicque  and 
his  pupils  have  demonstrated  the  considerable  variations  of  chronaxie 
according  to  the  temperature  and  the  different  physiological  and  patho- 
logical states  of  nerves  and  muscles}  the  slightest  and  most  fleeting 
injuries  of  the  nerve  twigs  are  shown  by  considerable  modifications  of 
chronaxie  ;  the  traction  of  a  nerve  trunk,  its  slight  compression,  the  action 
of  cocaine,  ether,  chloroform,  etc.  ;  are  immediately  revealed  by  variations 
of  the  velocity  of  excitability,  corresponding  to  fleeting  modifications  of 
the  structure  of  the  ner^e.  ( Lapicque  and  Legendre. ) 

In  spite  of  its  importance,  however,  the  fact  of  chron,.  •>  has  long 
enough  eluded  the  researches  of  observers,  for  the  duration.  ,"  passage 
to  be  studied  are  extremely  short.  We  may  see  this  when  wc  reflect 
that  Chronaxie  of  the  frog's  gastrocnemius  muscle,  for  instance,  at  a 
temperature  of  15°,  is  about  three  ten -thousandths  of  a  second. 

In  man,  we  shall  see  that  we  may  reckon  at  about  or  even  below  one- 
thousandth  of  a  second  chronaxie  of  the  normal  muscle ;  its  chronaxie  is 
rapid  :  the  paralysed  muscle,  on  the  other  hand,  easily  reaches  forty,  fifty, 
sixty  thousandths  of  a  second  ;  thus  it  is  excitable  only  by  a  relatively  pro- 
longed current :  its  chronaxie  is  slow.  The  difference  is  seen  to  be  great ; 
nevertheless  the  results,  even  approximate,  given  by  the  different  methods 
of  research,  arc  of  considerable  value. 

•  •  •  •  , 

The  application  of  these  facts  to  electro-diagnosis  has  hitherto  en- 
countered many  difficulties,  mainly  resulting  from  the  resistance  of  the 
skin  and  from  the  extreme  variability  of  muscular  excitability  applied 
through  the  integuments. 

Three  processes  have  been  advanced  for  reckoning  the  velocity  of 
excitability  :  First,  two  indirect  processes,  that  of  Cluzet  by  discharges  of 
condensers ;  that  of  Bourguignon  and  Laugier  by  comparison  of  faradic 
excitability  at  the  opening  and  closing  of  the  induced  current ;  second,  a 
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direct  process,  re«..mimended  by  Lapicque,  the  simplification  of  the 
methods  utilised  in  electroph]rsioI(^y  for  measuring  the  duration  of  a  verv 
short  galvanic  current. 

(a)  Discharges  of  Condens^ers  (Cluzet).* — Condensers  of  different 
capacity,  but  of  the  same  voltage,  discharge  themselves  according  to  a 
durat'on  proportional  to  their  capacity. 

According  to  their  capacity  they  may  supply  currents  of  variable 
duration. 

It  will  be  sufficient  first  to  pro<iuce  the  voltage  corres|iondiiig  to  the 
threshhi<ld  of  contraction  for  an  indefinite  current  (rheobasic  voltage). 
Then,  if  the  condensers  are  charged  at  the  same  voltage,  or  rather  at  double 
the  rheobasic  voltage,  we  have  only  to  find  out  tiie  feeblest  of  the  con- 
densers capable  of  producing  contraction.  The  measure  v<.  capacity  of 
this  condenser  gives  the  duration  of  the  discharge,  consequently  the  v^lo-ity 
of  excitability. 

Practically,  this  method,  of  which  we  have  simply  set  forth  the  barest 
schematic  data,  involves  a  certain  number  of  difficulties  arising  mainly 
from  cutaneous  resistance  which  varies  according  to  i'  •  intensity  of  the 
current  and  even,  in  the  case  of  a  current  of  constant  'cnsitv,  according 
to  the  duration  of  this  current.  We  shall  find  these  same  difficulties  in 
all  the  methods  proposed. 

The  results  obtained,  therefore,  constitute  only  approximations ;  never- 
theless they  are  sufficiently  precise  to  reveal  the  slightest  lesions  and  enable 
them  to  be  expressed  in  figures,  the  value  of  which,  relative  though  it  be, 
is  nevertheless  great. 

(/>)  The  Process  of  Bourguignon  and  Laugier. — Relation  between 
THE  Induced  Waves  of  Opening  and  Closing. — It  is  well  known  that 
in  an  induction  coil,  when  the  primary  current  (inductor)  is  closed,  there 
is  induced  in  the  secondary  a  current  in  the  opposite  direction  ;  on  the 
opening  of  the  primary  current  there  arises  in  the  secondary  a  current  of 
the  same  direction  as  the  inductor  current. 

These  two  induced  waves,  of  closing  and  opening,  have  not  the  same 
characteristics.  Their  direction  is  inverse,  but  this  is  of  no  great  import- 
ance. On  the  other  hand,  they  arc  unequal  in  du'-.tion  ..nd  intensity  ; 
this  gives  them  a  different  physiological  action. 

In  the  induced  waves  of  closing  and  opening,  naturally,  the  quantity 
of  induced  electricity  is  equal.  The  closing  wave,  however,  is  long,  con- 
sequently its  intensity  is  less  ;  the  wave  of  opening  is  short,  and  its  intensity 
is  greater. 

This  difference  results  from  the  way  in  which  the  current  is  set  up ; 
the  closing  current  of  the  primary  started  in  the  indatcion  coi'  is  set  up 

•  C!urct.      Ly:n   MSJual,   26    November,    19111  Jiurudi  ./.    R.idijhgic   .7  ,C E'UitrdjgiCj 
March  1914. 


II 


56 


NERVE  WOUNDS 


slowly,  because  of  self-induction.     The  primary  closing  current  and  the 
resulting  induced  current  arc  consequently  prolonged  and  slowed  down. 

On  the  other  hand,  at  the  opening  of  the  primary,  no  resisunce  of 
self-induction  takes  place,  the  wave  resulting  therefrom,  both  in  the 
primary  and  in  the  induced,  is  short,  almost  instantaneous  even,  if  care 
has  been  taken  to  extinguish  the  rupture  spark  which  tends  slightly  to 
lengthen  the  opening  wave. 

In  the  induction  coils  usually  employed  in  faradic  cxciution,  only  the 
opening  wave,  short  and  intense,  is  efficacious.  The  shortness  of  this  wave 
explains  why  it  is  capable  of  exciting  only  the  normal  muscle,  with  rapid 
chronaxit.  It  is  ineffective  in  the  paralysed  muscle,  with  slow  chronaxie, 
unless  its  voltage  is  enormously  increased  by  using  an  induction  coil  of 
adequate  electro-motive  force  and  considerable  sheathing.  This  explains 
the  contractions  sometimes  obtained  in  paralysed  muscles  by  thin  wire 
coils  (usually  of  800  ohms).  With  a  coil  of  1600,  1800,  and  even  3000 
ohms,  we  can  almost  always  obtain  contraction  of  a  paralysed  muscle,  but 
the  intensity  is  very  great  .-iiid  the  excitation  painful. 

On  the  other  hand,  the  opening  wave  i:  long,  consequently  it  is  capable 
both  of  exciting  normal  muscles  with  rapid  chronaxie  and  degenerated 
muscles  with  slow  chronaxie. 

Thus,  with  the  same  coil,  an  adequately  powerful  one,  we  have  two 
waves  of  unequal  though  constant  duration,  a  short  wave  and  a  long  one. 

Let  us  first  produce  the  threshold  of  excitation  with  the  short  opening 
wave,  and  note,  by  the  sheathing  of  the  coil,  the  intensity  necessary  for 
contraction.  A  healthy  muscle,  with  rapid  chronaxie,  contracts  with  the 
short  wave  as  soon  as  it  reaches  the  rhcobasic  threshold  with  extremely 
small  sheathing.  A  paralysed  muscle,  with  slow  chronaxie,  will  contract 
with  the  short  wave  only  if  it  attains  a  far  greater  intensity,  much  superior 
to  the  rheobasic  threshold  with  considerably  greater  sheathing. 

Afterwards  let  us  prmluce  the  threshold  of  excitation  with  the  long 
closing  wave.  The  healthy  muscle  will  again  contract  when  the  rheobasic 
threshold  has  been  reached  ;  given  the  less  intensity  of  the  closing  wave 
by  reason  of  its  longer  duration,  there  will  be  needed  a  greater  sheathing 
of  coil  than  for  the  opening  wave,  usually  aln.osi  double."  The  paralysed 
muscle,  with  slow  chronaxie,  will  also  be  contracted  by  the  long  wave, 
when  the  threshold  of  excitation  has  been  reached  ;  i.e.,  with  an  intensity 
somewhat  higher  than  that  of  the  healthy  muscle  and  a  scarcely  greater 
sheathing. 

In  a  word,  for  the  healthy  muscle,  between  the  sheathing,  conse- 
quently between  the  intensity  of  the  opening  and  closing  thresholds,  there 
is  a  considerable  divergence,  explained  by  the  smaller  efficacy  of  the 
closing  wave  ;  in  the  case  of  the  paralysed  muscle  the  difference  is  consider- 
ably diminished,  because  owing  to  its  slow  chronaxie  the  paralysed  muscle 
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requires,  along  with  the  short  opening  wave,  a  comparatively  fiur  greater 
intensity. 

If  we  reduce  to  quantities,  (micro-coulombs,  measured  by  the  ballistic 
galvanometer),  the  value  of  the  currents  employed,  we  are  able  to  establish 
a  real  indication,  almost  constant  for  one  and  the  same  coil,  of  the  excita- 
bility of  healthy  muscles. 

The  lowering  of  the  index  gives  the  diminution  of  the  constant  of 
excitability  of  the  muscle. 

Below  we  offer  an  example,  taken  from  Laugicr. 


Cue  of  mniculo-tpiral  paralyti*  from  cofflpnaaioii.    Examination  of  the 
extensor  carpi  ttlnaria. 


OPENING   (short   WAVE). 

Diitance  of  coils.  Quantities. 

Heathy  side  .  .  .    I4'j75  cm.  or  ij-j  mi- 
cro.coulombs. 
Paralysed  side.  ,    io'75  ""•  "f  9'  micro- 
coulombs. 

The   index  of  excitability  determined   by  the   relation   between  the  openinp;  and 

closing  amounts  is  respectirely  : — 

H„i,K„  .:j.     »*S  micro-coulombs  ,  ,         ^      ,        .,         ,       , 

ncaiiny  nan     __  _ ,  or  io"s  normal  figure  for  the  coil  employed. 


CLOiING   (long  wave). 

Distance  of  roils.  (Quantities. 

7*75  cm.      or      288  micro-coulombs. 
6  cm.  or     431  micro-coulombs. 


Paralysed  side 


»7i 
43' 


98 


,  or  44. 


As  we  see,  this  indirect  method  of  reckoning  the  velocity  of  excitability 
may  give  tolerably  accurate  results.  It  enables  us  to  follow  mathematically 
the  entire  evolution  of  a  paralysed  muscle. 

Two  things  may,  however,  be  brought  against  it. 

First,  it  supplies  only  relative  figures;  the  constant  varies  according  to 
the  coil  employed  ;  the  constants  of  each  coil  must  be  determined  and  an 
examination  made  always  with  the  same  instrument. 

Then,  too,  it  is  rather  complicated  ;  the  main  difficulty  arises  from  the 
fact  that  at  the  intensities  at  which  the  closing  contraction  manifests  itself, 
the  opening  contraction  is  violent  and  practically  unbearable.  It  is  con- 
sequently necessary  to  eliminate  it  carefully  either  hy  working  the  inter- 
ruptor  by  hand  or  by  utilising  Bourguignon's  special  interrupter  enabling 
one  to  eliminate  at  will  the  opening  contraction. 

(<•)  Lapicque's  Chronaximetre. — Lapicque  recently  issued  the  model  of 
a  simplified  chronaxlmitr/,*  for  clinical  use. 

This  is  a  "  rotatory  mechanical  rheotome,  to  which  movement  is  communicated  by  a 
suitable  heavy  weight  falling  from  a   moderate  height  anil  cariying  a  light  shaft  by 

L.  Lapicquc.     .-itademte  tJei  ScietKri,  Comptts  rtndui,  t.  clxi,  p.  b43,  seance  'lu  22  Novcmbrc, 
1915. 
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«  wire  ptared  over  a  pullejr  with  dccreating  radiui ,  a  pointer  fixed  perpendiculariy  on 
th«  ihaft  deMTibei  a  circle  at  a  velocity  increaiing  at  the  iquare  of  the  time  .  in  this 
way,  I  have  obtained  at  the  end  of  the  dm  turn,  which  alone  can  be  uicd,  an  angle  of 
7  to  «»  per  thouiandth  of  a  lecond.  Two  ipecially  made  inierrupten,  worked  in 
•uccenion  by  the  pawage  of  the  pointer,  give  clearly  and  lecurety  (ai  experience  ha> 
•hown)  cuneni  duration*  that  can  be  regulated  from  a  fiaction  of  a  thounndth  of  a 
•econd  up  to  a  tenth  of  a  Mcond." 

It  suffices  first  to  determine  the  threshold  of  excitation  to  closing  of 
the  negative,  for  a  current  of  indefinite  duration.  This  is  the  well-known 
negative  threshold  of  electronliagnosis ;  the  rhcobase  of  the  physiologists. 
Then  we  must,  with  the  same  current  though  of  definite  duration 
measured  by  the  chronaximiirt,  try  to  find  the  minimum  time  necessary 
for  obtaining  contraction.  This  duration  supplies  directly  the  velocity  of 
excitability. 

We  must  remember  that  physiologists  prefer  to  take  as  their  starting 
point  a  double  intensity  of  the  rhcobase. 

That  we  may  avoid  too  short  durations  it  is  preferable  in  clinical 
electro-diagnosis  to  seek  chronaxie,  starting  with  the  rhcobase  itself. 

Perhaps  the  results  are  somewhat  less  precise,  but  the  durations  arc 
longer  and  easier  to  reckon. 

The  variations  in  ehronaxie  revealed  by  this  method  between  the  healthy 
muscle  and  the  paralysed  muscle  are  enormous.  Whereas  a  healthy  muscle 
contracts  at  one  to  two  thousandths  of  a  second,  and  often  far  below  one 
thousandth,  ehronaxie  of  a  paralysed  muscle,  manifesting  the  RD,  easily 
rises  to  forty,  sixty  thousandths  of  a  second,  and  even  more. 

This  difference  is  less  easy  to  estimate  than  the  delay  and  slowness  of 
galvanic  contraction,  which,  after  all,  are  but  the  objective  expression  of  the 
same  phenomenon. 

Without  claiming  the  precision  of  an  apparatus  in  physics,  the 
chnnaximetre  enables  us  to  estimate  ehronaxie  of  a  muscle  with  tolerable 
rapidity ;  to  reckon  its  degree  of  excitability  and  to  follow  by  successive 
measurements  its  entire  pathological  evolution. 

Nevertheless,  it  must  be  confessed  that  these  researches,  even  simplified, 
are  always  too  prolonged;  several  hours  arc  often  necessary  for  the 
methodical  examination  of  the  muscles  of  a  single  patient. 

Muscles,  too,  in  a  state  of  prolonged  inactivity,  show  a  sensible  diminu- 
tion in  their  velocity  of  excitability.  We  readily  obtain  figures  of  eight 
and  ten  thousandths  of  a  second  in  cases  of  hysterical  paralysis  or  on  the 
inactive  antagonists  of  the  paralysed  muscle. 

4.  Selective  excitation  of  puslyied  musclei.— A  second  important 
application  of  the  idea  of  ehronaxie  has  been  proposed  by  Lapicque. 

In  electro-diagnosis  we  are  considerably  impeded  by  contraction  of  the 
antagonistic  muscles  excited  by  diffusion.  We  may  eliminate  this  contrac- 
tion of  the  antagonistic  muscles  which  h.ive  remained  normal  and  limit 
excitation  to  the  paralysed  muscles  alone  by  utilising  a  progressive  current. 
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In  1 907-1 908  Lapicque  showed  that  if  a  current  increases  gradually  . 
a  constant  intensity,  the  diminution  of  efficacy  resulting  from  this  retarda- 
tion is  smaller  in  proportion  as  ehrtnaxie  is  slower. 

When  we  are  at  the  threshold  of  excitation,  or  even  a  little  above,  if 
the  galvanic  current  gradually  attains  its  constant  intensity,  in  six  or  eight 
thousandths  of  a  second,  for  instance,  the  normal  muscles  and  nervcit,  with 
small  short  ehrtnaxie,  undergo  no  excitation  whatsoever.  The  degenerated 
muscles,  with  slow  chrmaxie,  on  the  other  hand,  are  excited  by  a  progressive 
current,  even  if  this  current  reaches  its  intensity  only  in  fifty  or  one 
hundred  thousandths  of  it  second. 

We  need  then  only  introduce  the  current  by  degrees  in  order  to  limit 
contraction  to  the  paralysed  muscles  alone. 

Lapicque  produced  this  retardation  by  using  condensers,  placed  in 
series.  A  condenser  of  two  microfarads  causes  the  current  to  take  about 
six  thousandths  of  a  second  to  reach  95%  of  its  constant  intensity.  By 
progressively  introducing  greater  capacities,  up  to  ten,  twenty,  thirty 
microferads,  if  the  hypo-excitability  of  the  paralysed  muscle  necessitates 
the  use  of  a  more  intense  current,  we  finally  suppress  altogether  the  con- 
traction of  the  healthy  muscles,  without  in  any  way  modifying  the  efficacy 
of  the  current  in  the  paralysed  muscle. 

The  same  observation  is  of  considerable  importance  in  electrotherapy. 
Indeed,  it  is  necessary  to  limit  to  the  paralysed  muscles,  as  far  as  possible, 
the  contractions  provoked  by  the  current. 

By  utilising  currents  progressively,  wc  shall  do  away  with  the  contrac- 
tions produced  in  the  healthy  musclei,  and,  without  any  pait.,  can  utilise 
greater  intensities. 

This  is  obtained  progressively  with  special  interrupters,  with  metallic 
vibrators,  or  with  immersion  vibrators  (Bergonic,  Bordicr,  etc.)  the  use  of 
which  has  recently  been  highly  recommended. 
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CHAPTER  IV 

CLINICAL  TYPES 

The  m«t  important  and  difficult  problem  to  solve  in  peripheral  paralytit 
I.  that  of  the  nature  of  the  lesion.  This  diagnoii.  require*  .urgiciJ  interw 
vention  or  abstention  ,  it  enables  us  to  form  a  prognosis  as  to  the  future  of 
the  paralysis. 

The  minute  study  of  the  many  cases  of  peripheral  paralysis,  undertaken 
siiKe  the  outbreak  of  war  in  the  various  neurological  centres,  enables  us  to 
differentiate  a  certain  number  of  clinical  syndromes  relating  to  various  nerve 
lesions  and  involving  diametrically  opposed  therapeutic  solutions 

Aling  with  J.  and  A.  Dejerine  and  Mouzoii  we  may  describe  four 
syndromes  that  are  fundamental,  typical  and  clearly  characterised  : 

Syndrome  of  interruption  ; 

Syndrome  of  compression  ; 

Syndrome  of  irritation  ; 

Syndrome  of  regeneration. 

To  these  must  be  added  dissociated  syndromes  resulting  from  partial 
lesions  of  the  nerve,  and  also  complex  syndromes  produced  by  association  in 
the  same  nerve  of  two  or  more  of  the  preceding  syndromes,  in  connection 
with  the  different  or  unequal  lesions  of  the  various  fasciculi  of  which  it  is 
composed. 

We  may  also  add  the  syndrome  of  ascending  neuritis,  which  is  rather  a 
complication  than  a  consequence  of  nerve  lesions. 

In  reality,  however,  the  clinical  manifestations  of  nerve  lesions  are  even 
more  varied  and  numerous  than  this  enumeration  suggests.  A  study 
of  nerve  wounds  enables  us  continually  to  group  new  categories  and 
distinguish  new  symptomatic  forms.  Irritation  of  the  nerve  trunks,  in 
particular,  .l.rect  or  even  ascending,  is  indicated  in  many  different  clinical 
pictures,  sometimes  by  simple  neuralgia,  sometimes  by  violent  pains,  of  a 
c.mracter  special  to  the  causalgia  of  Weir  Mitchell  5  sometimes  by  trophic 
disturbances  which  especially  characterise  neuritic  forms,  and  sometimes 
even  by  states  of  muscular  hypertonia  which  come  under  the  heading  of 
contracture.  •* 

Consequently,  we  shall  have  to  dwell  at  some  length  on  the  manifesta- 
tions ot  nerve  irritation  and  the  polymorphous  symptoms  it  may  call  forth. 
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i.— SYNDROME  OP  INTERRUPTION 

The  tyndromc  of  interruption  occurs  in  cMe»  of  complete  section  of  the 
nerve,  in  very  icvere  compreMion,  in  tearing  or  bruiting  of  the  nerve  witi 
the  formation  of  a  fibrous  cicatrix. 

In  all  these  cases,  there  is  complete  interruption  of  the  nerve  fibres ; 
their  peripheral  segment,  from  the  lesion  on  to  the  termination  of  the:fibres, 
undergoes  Wallerian  degeneration  and  gradually  disappears  {  their  central 
segment,  above  the  lesion,  remains  almost  intact. ' 

In  fiivourable  conditions,  such  lesions  are  capable  of  spontaneous 
regeneration.  This  will  come  about  by  a  progressive  growth  of  the  axis- 
cylinders  of  the  central  end,  which,  crossing  the  obstacle,  will  slowly  advance 
in  the  empty  sheaths  of  the  peripheral  segment  and  end  by  completely 
reconstructing  and  regenerating  the  original  nerve. 

But,  on  the  other  hand,  the  obstacle  is  frequently  insurmountable  to 
the  regenerating  fibres  {  the  segments  of  the  sectioned  nerve  are  not  in 
contact,  compretaion  is  too  great,  the  cicatricial  mass  is  formed  of  too 
dense  fibrous  tissue.  In  all  these  cases,  the  regenerating  fibres  springing 
from  the  central  end  will  be  unable  to  join  the  peripheral  empty  sheaths 
which  serve  them  as  conductors,  they  will  group  themselves  at  the  level 
of  the  obsucle,  forming  a  neuroma,  or  else  will  stray  about  in  the 
neighbouring  cicatricial  tissue. 

Thus,  complete  interruptions  often  call  for  surgical  intervention : 
cither  decompression  in  certain  cases,  or,  more  frequently,  nerve  suture 
after  resection  of  the  injured  segment.  This  intervention  has  no  other 
object  than  the  removal  of  the  obstacle  and  the  placing  of  the  central  and 
peripheral  segments  in  contact  with  each  other,  so  as  to  allow  of  easy 
regeneration. 

The  syndrome  of  interruption  is  characterised — 

1.  By  immediate,  complete,  absolute  and  invariable  paralysis  of  the 
muscles  supplied  by  the  interrupted  nerve. 

2.  By  a  progressive  and  particularly  rapid  disappearance  of  muscular 
tone,  culminating  in  complete  muscular  hypotonia.  It  precedes  atrophy, 
which  occurs  more  slowly. 

3.  By  well-marked  progressive  and  regular  muscular  atrophy. 

In  spite  of  hypotonia  and  atrophy,  the  idio-muscular  reflexes  are 
intensified,  for  a  very  long  time  at  least,  whereas  the  tendon  reflexes  are 
abolished.  There  is  increase  of  mechanical  contractility  of  the  paralysed 
muscle. 

4.  By  a  reaction  of  degeneration  which  is  gradually  set  up  in  about 
two  or  three  weeks  and  culminates  in  the  complete  classical  RD. 

From  the  outset  the  nerve  excited  above  the  lesion  no  longer  transmitsi 
any  excitation  to  the  muscles  which  it  supplies. 
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For  (ome  days  '>cr  the  wound  the  n«nr«  ronaini  excitable  below  the 
Iction,  then  it  rapi.      loaet  ail  cxciubilitjr. 

The  miMcle*  aito  lute  in  a  few  days  their  faradic  contractility  (with 
the  thick  wire  coil),  tlicn,  much  later,  after  a  month  or  even  more,  their 
faradic  excitability  with  the  thin  wire  coil  (the  usual  coils). 

At  the  tame  time  we  have  the  diiappearance  of  the  motor  point, 
pohr  invcnion  and  longitudinal  hypo-excitability.  Galvanic  contraction 
becomei  ilow,  it*  appearance  ii  retarded  and  it«  execution  slackened. 

5.  By  immediate,  complete  and  invariable  anesthesia  in  the  region 
supplied  by  the  paralysed  nerve. 

Anesthesia  is  a  little  more  widely  spread  the  first  few  days  ;  its  area 
gradually  diminishes  for  some  weeks  owing  to  anastomotic  substitutions  1 

then  it  remains  definite  and  fixed.  Ac- 
cording to  the  case,  it  is  somewhat  variable 
in  its  characters ;  in  principle,  it  is  abso- 
lute, involving  all  the  superficial  and  deep 
sensibilities>  though  this  is  true  only  for 
large  areas  of  ansrsthesia. 

Deep  anesthesia,  indeed,  is  always,  by 
reason  of  anastomotic  substitutions,  much 
less  widely  extended  than  superficial 
anesthesia  {  it  is,  on  the  other  hand, 
evoked  by  very  slight  cuUneous  pressure : 
when  the  patient  is  pricked  with  a  needle, 
and  he  feels  simply  the  contact  not  the 
prick,  this  is  because  denp  sensibility  is 
involved.  In  the  exploiation  process 
with  the  pin  which  wc  have  rtrommendcd, 
the  answer  «« touch"  applies  .nainly  to 
deep  sensibility. 

In  these  conditions,  when  the  k^es- 
thetised  region  is  not  very  extensive,  deep  anesthesia  is  never  complete ; 
the  pressure  of  the  pin  is  everywhere  felt,  the  feeling  of  pain  alone  is' 
abolished,  and  we  have  simple  hypo-esthesia. 

6.  By  the  absence  of  sponuneous,  or  induced  pains  by  pressure 
on  the  nerve  and  the  muscular  bellies.  Not  only  are  the  muscles  not 
painful,  but,  as  Dejerine  has  remarked,  they  are  quite  insensitive  to 
oressure. 

The  nerve  lesion  itself  is  alone  somewhat  painful. 

7.  By  the  absence  of  formications  caused  by  pressure  on  the  nerve 
below  the  lesion. 

On  the  other  hand,  wc  notice  at  the  level  of  the  lesion  a  focus  of 
formications  produced  ;  they  appear  in  a  very  limited  zone  which  corre- 
sponds to  the  neuroma  of  the  central  end.  The  fixity  of  this  zone,  for 
weeks  and  months,  is  an  important  sign  of  complete  interruption. 


t  a 

Fic  a  I  .—Example  of  fixtd  aiur*. 
ihnja  in  compktr  inicrruptioni. 
Section  ol  thr  (ciatic  in  middle 
part  of  thigh,  i.  Examinatiun 
on  the  16th  June,  1915,  lix  weeks 
after  the  wound,  x.  Examinatiun 
on  the  9th  October,  1915. 
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It  mutt  be  rcircnhcrtd  that  formication  appcan  a>  a  rule  only  about 
the  fourth  ih  sixth  week,  and  that  it  diiappear*  in  the  end. 

8.  By  the  absence  of  trophic  disturbances,  except  occasionally  slight 
cedema,  a  little  cyanotit  and  moderate  hypertrichosis. 

Serious  trophic  disturbances,  cutaneous  Kierotis,  aponeurotic  contrac- 
tions, tendon  and  synovial  adhesions,  aliections  of  the  nails,  arterial  lesions 
do  not  belong  to  the  syndrome  of  complete  interruption. 

Still,  one  nuiy  meet  with  trophic  ulcers,  which  are  always  secondary 
to  a  cutaneous  injury  1  these  are,  for  instance,  plantar  ulceis  produced 
by  walking,  sores  on  the  great  toes  or  the  dorsal  surfiue  of  the  foot 
occasioned  by  the  foot-wear }  ulcers  on  hand  or  fingen  appearing  as 
the  result  of  a  burn,  an  excoriation,  or  even  at  times  a  simple  galvanic 
bath.  After  all,  these  are  always  accidental  ulcers,  fiivoured  and  pro- 
longed by  malnutrition  of  the  tissues  in  the  region  of  the  interrupted 
nerve. 

From  this  schematic  description  we  conclude  that — 

(0)  Several  of  the  signs  characterising  the  syndrome  of  interruption, 
such  as  the  RU,  atrophy,  hypotonia,  formication,  etc.,  only  come  about 
gradually  and  after  a  ceruin  time. 

(/>)  Fixity  of  the  symptoms  is  one  of  the  important  characteristics  of 
the  syndrome : 

Fixity  of  paralysis ; 

Fixity  of  ansrsthesia  ; 

Fixity  of  the  RD  ; 

Fixity  of  formication. 

{c)  Complete  interruption  of  the  nerve  fibres  docs  not  altogether 
exclude  the  possibility  of  their  spontaneous  regeneration  without  surgical 
intervention. 

Consequently  it  is  absolutely  necessary  to  make  a  number  of  successive 
examinations  at  intervals  of  several  weeks  before  making  a  formal  diagnosis 
and  deciding  upon  surgical  intervention. 
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II.-SYNDROME  OP  COMPRESSION 

Simple  compression  of  the  nerve  takes  place  when  the  nerve  iibres 
undergo  lesions  of  such  a  nature  that  the  voluntary  nervous  impulse,  as 
well  as  the  electric  current,  cannot  pass,  but  without  there  being  destruc- 
tion of  the  axis-cylinder  or  centrifugal  degeneration. 

In  a  word,  we  have  here  a  local  disorganisation  which  momentarily 
causes  to  disappear  the  physiological  conductivity  of  the  nerve  fibre;  but 
thif  fibre  is  not  dead ;  its  peripheral  segment  is  not  degenerated  ;  it  is 
capable,  after  the  disappearance  of  the  injury,  of  being  reorganised  and 
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returning  itt  funci  an*  fcirly  rapidly.  This  it  the  tyiidrome  produced  in 
the  moment  jfr  compfcasiiMw  of  a  nerve  -,  it*  ciawical  example  i»  musculo- 
(piral  paralysis,  called  "a  frigorf."  produciai  by  comp  '«>ion  of  the  nerve 
durinff  d«cp  «lecp. 

Sometime*  tht»  liyiidriMne  i-.  *bund  in  the  permanent  compremiion  of  a 
nerve  <>urrouniica  by  a  (ibrouf  (.tcurix  or  encaieti  in  callus  *>««  without 
mariLcd  narrowing. 

Ik  theMT  ca-Mfs  however,  permanent  comprrswon,  compatible  for  a 
coniiderable  time  with  anatomical  survival  of  the  nerve,  may  finally 
induce  ir»  prn^rcwiivc  Icgcncration  ;  consequently,  we  may  find  a  syndrome 
of  compreMion  being  transformed  into  one  of  interruption. 

On  the  other  hand,  the  nunc  injury  f?i;iv  induce  destruction  of  a  certain 
numl«cr  of  more  fragile  nerve  fibre*  and  simple  comprcioion  of  the  re«t. 
Thi*  result*  in  a  mixed  an«l  very  usual  ,v  ndiome,  one  of  tncompleie  inter- 
ruption, whefe  the  symptoms  of  intcftuption  are  nevrr  fully  seen,  and 
where,  nevertheless  we  observe  iirojjress.ve  regeneration,  far  slower  than 
simple  restoration  of  a  comprcsM  d  nerve. 

The  syndromes  of  momriu.iry  vomprussion  must  be  compared  with 
the^ceting  par-tlyses  which  often  •.uucd  frrave  injuries  of  tlic  limbs,  and 
which  have  been  described  a»  a  kind  uf  stupor  ol  the  itcrves :  these 
paralyse*  disappear  after  a  few  Uay>,  Keiicrally  without  any  disturbance  of 
electrical  reaction-,  revealing  the  tiny  coniii.jns  or  ilic  state  of  shock  in 
the  nerve  trunk. 


The  syndrome  of  compression  is  characterised — 

1.  By  more  or  less  complete  paralvsis,  generally  as  complete  as  in  the 
syndrome  of  interruption,  more  rarely  partial  and  permitting  of  a  few  ill- 
defined  movements. 

2.  By  muscular  atrophy,  far  more  rapid  and  less  intense  than  in 
Lomplete  interruption. 

Tills  atrophy  may,  however,  become  very  intense,  if  compression 
persists. 

3.  By  relative  preservation  of  muscular  tone  which  is  one  of  the  best 
signs  of  simple  compression. 

Still,  one  m.iy  also  find  muscular  tone  disappearing  after  a  time  }  this 
muscular  atony,  however,  requires  months,  whereas  it  takes  only  a  few 
weeks  in  complete  interruption. 

The  idio-mustular  reflexes  are  almost  always  intensified  ;  if  they  arc 
normal  it  shows  that  the  compression  is  very  slight. 

4.  By  a  reaction  of  partial  and  always  incomplete  degeneration,  far 
slower  ill  taking  place ;  unless  we  have  progressive  interruption  of  the 
compressed  fibres. 

It  is  in  slight  compressions,  particularly  in  musculo-spiral  paralysis  from 
temponiry  compression,  fhst  we  may  find  the  p.^r.itk)xica!  eiecttical 
reactions  wc  have  already  mentioned  :  nerve  and  muscles  remain  more  or 
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IcM  excitable  by  the  faradic  current  belov-  he  Icion,  wh  st  elei  trical 
Mimulaiion  «f  the  nerve  above  the  Icuoii  causes  no  move  leti  whatMicver 
in  the  paralysed  region. 

5.  By  aiiKsthesia,  variable  in  intemity  and  extent  ;  -.n  general  a  is  rar 
more  reduced  and  lew  prottounccd  tlun  the  .in»tthe»i.i  t  interruption  j  in 
any  cue  it  ha»  no  invariable  dxitr. 

6.  By  the  abKnce  oT  painx  at  the  level  of  the  lesion,  is  also  of  pi,ins 
in  the  course  of  the  nerve  or  on  pr^  <ure  of  the  musciilar  belli'  > ;  these 
latter,  however,  may  reuin  their  normal  sensibility  to  pressure. 

7.  By  the  absence  of  formication.  This  is  altogether  alwent  in  simple 
and  transitory  compressions,  as  is  m»-  ulo-spiral  paralysis  ,/  /rigtrt.  If 
wc    find,    in    !,ome  cases  of  close   ai'J    prolonged    compcewion,    slight 


Fu..  ai. — Attitwlcof  the  hand  in  a  cat*  of  liinplc  comprcuion  ui  the  muKulo.tiiiral 
iirrve.  The  paralviit  ii  the  umc  ai  in  csmi  of  complele  interriiptliin,  but  the  tone 
retainal  (fives  the  hand  a  leu  droopinK  poitiirc,  one  more  reiembling  that  ot  rrptm-. 
Freeing  o»  the  nerve,  Fint  indivstion  of  movement  15  day»  stter  intervention. 
(J.  «nd  A.  Dcjerine  and  Mouiun,  Frejse  MtJicaU,  ll  Ma»,  1915) 
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turmication  of  the  nerve  trunk  under  pressure,  it  imiicates  the  destruction 
and  the  consecutive  regeneration  of  some  nerve  fibres.  In  a  word  it  is  a 
case  of  incomplete  interruption. 

Whilst  regeneration  of  the  few  interrupted  fibres  is  taking  place,  wc 
find  the  zone  of  formication  extending  over  the  tract  of  the  nene  below 
the  lesion,  signifying  the  progressive  advance  of  the  axis-cylinders. 

In  other  cases,  the  zone  of  induced  formication  remains  fixed,  limited 
to  the  level  of  the  lesion.  It  is  then  to  be  feared  that  the  constriction  of 
the  nerve,  too  great  to  allow  of  the  {.--^ge  of  the  regenerating  fibres,  will, 
in  the  long  run,  cause  destruction  of  the  fibres  that  have  remained  healthy. 

8,  The  absence  of  trophic  disturbances  is  even  clearer  in  com- 
pression than  in  complete  interruption.  Usually  we  do  not  find  in  them 
the  cyanusis  and  the  slight  oedema  which  may  accompany  the  pi'vccding 
type. 

5 


66 


NERVE  WOUNDS 


The  syndrome  of  compreseion,  like  that  of  interruption,  includes  a 
certain  number  of  charactera  noticed  during  the  evolution  of  the  symptoms 
and  obtained  by  successive  examinations. 

Only  after  a  few  weeks'  observation  can  one  judge  of  the  necessity 
for  surgical  liberation. 

Moreover,  the  results  of  liberation  are  somewhat  variable.  In  simple 
compressions  we  often  find  that  the  nerve  regains  in  a  few  weeks, 
sometimes  a  few  days,  the  whole  of  its  functions. 

In  compression  with  incomplete  interruption,  the  duration  of  restora- 
tion is  evidently  proportional  to  the  nerve  destruction. 

The  fibres  momenurily  or  slightly  compressed  present  only  segmentary 
lesions,  /./■.,  limited  to  the  affected  point,  and  are  not  accompanied  by 
degeneration  of  the  peripheral  segment.  They  need  only  undergo  local 
restoration  for  the  nerve  impulse  to  pass  into  the  peripheral  segment  which 
has  remained  intact  and  to  supply  afresh  the  paralysed  muscles. 

If  the  fibres  are  more  deeply  affected,  the  peripheral  segment  is  injured 
secondarily,  and  the  work  of  restoration  must  be  carried  on  over  the  entire 
extent  of  the  nerve. 

The  extreme  variations  we  fim'  in  the  time  necessary  for  healing  may 
thus  be  understood. 

In  almost  every  case  of  compression  calling  for  surgical  intervention, 
simple  liberation  of  the  nerve  is  usually  sufficient.  Resection  and  suture 
are  called  for  only  in  cases  where  prolonged  constriction  has  transformed 
the  nerve  into  a  mere  fibrous  strand  ;  in  these  cases,  the  syndrome  of 
compression  had  given  place  to  that  of  complete  interruption. 


III.— SYNDROMES  OF  IRRITATION 

Irritation  of  a  nerve  trunk  may  show  itself  by  extremely  varied  and 
diversely  associated  symptoms. 

We  will  describe  schematically  : 

1.  Srriout  nerve  irritation  ; 

2.  Slight  nerve  initatiun  ; 

].  Irritation  of  a  simple  neuralgic  form  ; 

4.  A  ipecial  neuralgic  nyndrome  arcompanini  by  vinlent  paint  ami  paroxysms  ; 
the  causalgia  of  Weir  Mitchell, 

The  phenomena  of  nerve  irritation  or  neuralgia  in  a  mixed  nerve  may  be 
assiK-ated  with  paralysis,  though  they  may  also  exist  without  total  paralysis. 
It  may  even  be  stated  that  paralysis  i.>  exceptional  in  slight  iicuritic  forms, 
and  in  neuralgic  forms. 

On  the  other  hand,  disturbances  of  irritation  also  show  themselves  in 
the  sensory  nerves  or  in  the  purely  sensory  branches  of  the  mixed  iicrx  cs. 
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I.— SYNDROME  OF  SERIOUS  NERVE  IRRITATION 

This  syndrome  is  found  only  in  lesions  of  the  mixed  nerves  which  alone 
possess  numerous  vaso-motor  and  trophic  fibres  whose  irritation  produces 
neuritic  disturbances. 

It  is  almost  always  accompanied  by  paralysis ;  this  paralysis,  however,  is 
frequently  less  complete  than  in  the  preceding  forms,  for  the  nerve  fibres 
are  irritated,  not  destroyed.  For  instance,  there  per>ists  a  suggestion  of 
voluntary  movements  or  else  a  certain  degree  of  electrical  excitability. 
The  RD  is  frequently  partial. 

Muscular  atrophy  isextremely  variable.  Whilst,  for  the  most  part,  it  ii^  less 
marked  by  reason  of  the  relative  preservation  of  the  nerve  fibres,  in  otiier 
cases  we  find  extremely  rapid  muscular  dissolution. 

Muscular  tone  is  usually  preserved,  sometimes  even  intensified  by 
fibrous  infiltration  of  the  muscles. 

The  idio-muscular  reflexes  are  always  intensified,  although  the  fibrous 
transformation  of  the  muscles  may  frequently  mask  them. 

Trophic  and  painful  sensory  disturbances  are  the  essentia]  characteristics 
of  neuritic  types. 

Whereas,  however,  motor  disturbances  occur  immediately,  pains  and 
trophic  disturbances  are  secondary. 

After  a  few  days  the  pain  appears  and  it  gradually  becomes  more 
pronounced  for  two  or  three  weeks,  to  continue  for  months  and  then 
slowly  disappear. 

It  is  also  after  a  few  weeks  that  trophic  disturbances  appear,  persistence 
of  which  often  brings  about  definite  lesions. 


A. — Sensory  Disturbances 

Faini. — The  main  symptom  is  pain. 

S|.  ntaneous  pains  comparable  to  sensations  of  burning,  pricking 
muscular  rending. 

Pains  intensified  by  movement  and  muscular  contraction,  bv  heat  and 
more  especially  by  cold,  by  cutaneous  friction  or  by  contact  of  the  bed- 
clothes. 

Pains  occasioned  mainly  by  pressure  on  nerve  trunks  and  muscular 
bellies  ;  these  p.iins  are  felt  at  the  compressed  point ;  they  also  extend  over 
the  whole  limb.  Generally  they  are  more  acute  on  pressure  of  the 
muscles  than  of  the  nerve  trunks, 

Cuteneooi  hyperaithetia.  The  skin  also  is  painful.  In  certain  cases, 
it  is  true,  we  may  note  the  presence  of  cutaneous  an;esthesia,  which,  however, 
is  found  along  with  the  pain  on  pressure   uf  the   deeper  tissue.     More 
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frequently,  however,  there  is  painful  hyper-zsthcsia,  which  usually  coexists 
with  a  tactile  and  thermal  hypo-acsthesia. 

Indeed,  touch,  friction,  cold  and  heat  are  but  vaguely  perceived ;  even 
pricking  is  ill  defined  ;  but  all  these  cutaneous  stimuli  produce  one  and 
the  same  painful  sensation,  imperfectly  localised  and  differentiated,  diffuse, 
radiattd,  continuing  several  seconds  and  altogether  characteristic. 


B. — Trophic  Disturbances 

Trophic  disturbances  belong  strictly  to  the  syndrome  of  nerve  irritation. 

In  these  cases  we  note  the  presence  of  (cdema,  cyanosis  and  hyper- 
trichosis, already  found  in  nerve  interruption. 

More  especially  do  we  find  the  whole  series  of  severe  trophic  dis- 
turbances— 

Extreme  dryness  of  the  skin,  its  fibrous  infiltration  and  its  desquamation 
in  broad  scales,  or,  on  the  other  hand,  ihe  appearance  of  profuse  fetid  sweats, 
or  again  the  condition  known  as  glossy  skin. 

Nails  curved,  furrowed,  split,  cracked,  claw-like. 

Conical  atrophy  of  the  digital  extremities. 

Fibrous  infiltration  and  contraction  of  the  muscular  bellies  ;  contraction 
of  the  tendons  and  aponeuroses,  which  le.id  to  the  formation  of  irreducible 
griffes. 

Immobilisation  of  the  tendons  by  fibrous  invasion  ofthe  synovial  sheaths. 

Fibrous  ankyloses  of  digital  or  carpal  joints  and  of  deformed  joints 
reminiscent  of  rheumatoid  arthritis. 

A  more  rapid  and  pronounced  bony  decalcification  than  in  any  other 
type. 

•  •  •  •  • 

Pronounced  neurstic  types  are  therefore  essentially  serious  mainly  by 
reason  of  their  trophic  disturbances. 

Indeed,  whilst  the  paralyses  that  accompany  them  arc  always  destined 
to  heal  spontaneously  or  by  liberation  ofthe  nerve,  the  pains  that  characterise 
them,  however  acute  they  may  be,  must  inevitably  diminish  and  disappear  ; 
on  the  other  hand,  the  fibrous  and  mucular  contractions,  the  tendon 
immobilisations,  the  grifffs,  the  articular  scleroses,  too  often  constitute 
refractory  lesions  which  necessitate  months  or  even  years  of  painful 
mobilisation  and  of  massage,  and  sometimes  remain  altogether  irreducible. 

Most  of  these  severe  ncuritic  types  heal  spontaneously,  with  the 
exception  of  the  fibrous  sequclsc  of  the  healing  process. 

Spontaneous  regression  is  indicated  by  the  mitigation  of  pain  and  by 
the  appearance  of  formication. 

During  tlie  entire  period  of  irritation,  the  nerve  is  painful,  though 
there  is  no  formication  when  pressure  is  applied.  As  soon  as  neuritis 
calms  down,  we  note  the  appearance  of  formication  at  the  level  of  the 
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lesion ;  then,  week  by  week,  it  is  seen  to  descend  along  the  tract  of  the 
nerve  which,  with  the  ni.'ighbouring  muscles,  ceases  to  be  painful  ;  formi- 
cation then  gradually  replaces  in  the  nerve  the  neuritic  pain,  driving  it 
forward,  as  it  were.  Speaking  generally,  the  slowness  of  the  regeneration 
in  neuritic  types  is  discouraging. 

In  obstinate  cases,  liberation  of  the  nerve  seems  to  give  variable  results  ; 
sometimes  it  brings  about  a  great  and  rapid  improvement ;  frequently  it  is 
ineffective.  Probably  the  inconstant  nature  of  the  results  is  due  to  the 
character  of  the  lesion  ;  irritation  may  be  external  to  the  nerve,  or,  on  the 
other  hand,  may  take  pi.ice  within  it. 

In  certain  particularly  intense  forms,  where  serious  and  definite  trophic 
disturbances  arc  to  be  feared,  it  is  right  to  practise  resection  of  the  lesion 
and  suture  of  the  nerve.  By  this  means,  the  pains  are  immediately  dis- 
pelled, the  evolution  of  trophic  disturbances  is  suppressed  and  it  is  possible 
to  practise  massage,  mobilisation  and  electrical  treatment,  all  of  which  had 
been  impossible  before  by  reason  of  the  intensity  of  the  pains. 


U.— ATTENUATED  NEURITIC  TYPE 

We  have  described  the  grave  forms  of  nerve  irritation,  but  we  must 
remember  that  its  manifestations  may  be  far  more  widely  disseminated. 

A  little  pain  on  pressure  of  the  muscular  bellies,  a  slight  fibrous  infil- 
tration of  the  muscles,  a  few  aponeurotic  or  tendon  contractions,  slight 
cutaneous  sclerosis  with  adhesion  of  the  integuments  enable  us  to  conclude 
that  there  is  irritation  of  the  nerve  and  therefore  that  it  is  incompletely 
interrupted. 

Frequently  slight  neuritic  disturbances  may  be  dissociated.  For 
instance,  wc  may  find  pain  on  pressure  of  the  muscles,  with  fibrous  con- 
traction but  without  pronounced  cutaneous  trophic  disturbances  ;  this  is 
the  origin  of  some  cases  of  /»,  j  rquinus,  from  slight  lesion  of  the  sciatic. 
Muscular  atrophy  may  be  absent,  wc  have  even  seen  cases  where  slight 
irritation  of  the  sciatic  nerve  was  shown  by  .ictual  hypertrophy  of  the 
muscles  of  the  calf,  accompanied  by  slight  contraction  anil  fibrous  infiltra- 
tion of  the  muscles,  more  bulky  and  resisting  than  on  the  healthy  side. 
Moreover  we  shall  see  later  what  relations  can  be  established  between 
these  disturbances  and  contractions  from  neuritis. 

In  these  cases  of  neuritis  aflfecting  the  muscular  system  wc  occasionally 
find  neither  hyperjesthcsia  nor  even  cutaneous  hypo.tsthesia  ;  whilst,  on 
the  other  hand,  the  muscles  are  painful  when  pressed.  The  pain  is  deep, 
not  on  the  surface. 


In  other  c.-ises  aponeurotic  contractions  prevail,  resulting  in  the  form.i- 
tion  of  fibrous  gri^s ;  sometimes  nerve  irritation  is  rather  ill-defined  and 
ajioneurotic  sclerosis  so  tardy  that  the  nerve  lesion  may  pass  unnoticed. 
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For  instance,  we  have  seen  cases  of  contraction  of  the  nalmar  fascia, 
reminding  one  of  Dupuytren's  contracture,  occurring  slowly  after  a 
wound  in  the  arm  or  the  fore-arm  and  apparently  inexplicable ;  the  most 
minute  investigation  has  been  needed  to  discover,  not  only  a  certain 
degree  of  pain  on  pressing  the  nerve,  but  even  slight  formication  along  its 
course  and  hypo-zsthesia  of  its  cutaneous  area,  thus  proving  slight  irritation 
of  the  ulnar. 

Sometimes  again  cutaneous  trophic  disturbances  preponderate.  In 
certain  slight  ncurites  of  the  muMruio-spiral,  for  instance,  attention  is 
first  attracted  by  the  fibrous  infiltration  of  the  skin  on  the  dorsal  surface  of 
the  fingers,  its  adhesion  to  the  first  joints  and  the  limitation  resulting 
therefrom  in  flexion  of  the  fingers. 

Still,  speaking  generally,  the  exclusively  cutaneous  manifestation  of 
trophic  disturbances  is  more  apt  to  accompany  the  neuralgic  ty|>c  which 
we  will  now  investigate. 


III.— SIMPLE  NEURALGIC  TYPE 

Following  on  slight  bruises  of  the  nerve  trunks,  we  often  meet  with 
more  or  less  pronounced  neuralgic  syndromes. 

No  trophic  disturbances  occur,  at  most  a  few  signs  of  cutaneous  irrita- 
tion. There  rs  no  paralysis,  but  only  a  certain  degree  of  weakness  and 
muscular  atrophy,  without  appreciable  modification  of  the  electrical 
reactions. 

Instead  of  anaesthesia,  there  is  slight  hyper-ssthcsia  to  pin-prick  in 
the  arcr.  of  distribution  of  the  nerve. 

The  patient  complains  solely  of  more  or  less  acute  pains  radiating 
along  the  course  of  the  nerve,  provoked  mainly  by  the  movements  involving 
the  lengthening  of  the  limb,  such  as  the  extension  at  elbow,  neck  and 
knee  in  the  case  of  the  median  and  the  sciatic,  which  are  most  frequently 
involved. 

The  muscular  bellies  arc  somewhat  sensitive  to  pressure.  The  nerve 
trunks,  however,  are  more  so ;  and  this  pain  is  manifested  ab<ivo  all  at  the 
points  of  election.  On  the  sciatic  are  found  all  the  Vallcix  ix>ints  and 
Lascgne's  sign  ;  indeed,  we  are  dealing  with  real  injuries  to  the  sciatic. 

These  traum.itic  neuralgias  are  often  rather  persistent,  they  may  con- 
continue  for  several  months  and  then  disappear  spontaneously. 

Naturally  their  intensity  is  very  variable,  and  every  type  may  be  found. 
They  are  syndromes  of  slight  irritation,  of  a  well-marked  sensory  type. 

They  are  specially  to  be  distinguished  'Vom  the  violent  neuralgic 
syndromes  of  a  prticular  character,  for  which  must  be  reserved  the  name 
of  "  causal"i.i." 
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IV.-INTBNSE  NEURALGIC  TYPB-CAUSALGIA 

In  1864,  after  the  War  of  Secession,  S.  Weir  Mitchell  descrih«d  under 
the  name  of  causalgia  a  particular  neuralgic  syndrome,  characterised  by  its 
iruensit),  its  long  duration,  its  special  pains  and  its  habitual  resistance  to 
every  therapeutic  agency. 

All  the  nerves  may  be  attacked  by  causalgia,  but  it  is  particularly  the 
median  and  the  sciatic  that  produce  this  syndrome,  doubtless  by  reason 
of  the  number,  importance,  and  perhaps  fragility  or  special  nature,  of  their 
sensory  or  vastj-mqtor  fibres. 

Very  seldom  does  causalgia  appear  immediately  after  the  wound  ; 
almost  .-ilw.nys  the  pains  supervene  only  after  four  or  five  days;  they 
take  three  or  four  weeks  to  rcich  their  maximum,  and  then  continue  for 
months,  finally  calming  down  very  slowly. 


Causalgia  is  essentially  characterised  by  violent  pains,  compared  by 
p.itients  10  a  sensation  of  mingled  sm^irting  and  burning  (kovviv,  burning), 
or  even,  says  Weir  Mitchell,  "to  a  red-hot  file  rasping  the  skin.  .  .  . 
Its  intensity  varies  from  the  most  trivial  burning  to  a  state  of  torture  that 
can  hardly  be  credited.* 

As  a  rule,  it  is  localised  at  the  termination  of  the  nerve,  at  the  palm  of 
the  h.ind  in  the  case  of  the  median,  at  the  sole  of  the  foot  in  the  case  of 
the  sci.itic  ;  hut  it  r.-idiates  simultaneously  over  the  entire  area  of  distribu- 
tion of  the  nerve  and  even  well  above  the  lesion. 

The  pains  are  so  greatly  aggravated  by  movement,  walking  or  the 
slightest  shock,  that  certain  patients  resign  themselves  to  almost  complete 
immobility. 

A  slight  touch  on  the  skin,  a  pin-prick,  heat,  cold  especially,  and  all 
cutaneous  excitations,  induce  painful  paroxysms  which  often  continue  for 
several  minutes. 

Accordingly  these  patients  show  the  greatest  anxiety  when  we  want  to 
examine  the  hand.  And  yet,  whilst  a  gentle  touch  is  atrociously  painful, 
firm  pressure  of  the  integuments  can  scarcely  be  felt.  By  warning  the 
patient  beforehand,  we  may  succeed  in  openly  grasping  his  hand  and 
examining  it  without  causing  him  too  much  suffering.  The  pain  is  far 
more  superficial  than  deep.  "  If  it  Listed  long,  it  was  referred  finally  to 
the  skin  alone,"  writes  Weir  Mitchell. 

An  even  more  curious  fact, — keen  emotions  and  sensations  induce 
violent  ex.-icerbations  of  pain  ;  a  child  falling,  an  unexpected  letter  arriving, 
a  carriage  appearing  .at  the  bend  of  a  street,  a  door  creaking,  a  sudden 

•  S.  Weir  Mitchell,  Mt)rchou«c  an<l  Keon,  "  Gunihot  Wttuii'ts  an<l  other  Injuries  ul*  Nerve*,'* 
l'hil.iilelphia,  1S64,  p.  101,  etc. 

Oct  It'tioii  i/.'i  rti-rj'i  ct  tU  Iruri  com/fiuncft.  Traduction  Daatre,  preface  de  Vulpian,  Parit. 
i»74.  P-  »3J."'- 
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strong  light,  a  glance  down  a  ttaircase  or  through  a  window,  are  all  lo 
many  causes  calculated  to  provoke  a  painful  paroxysm. 

We  now  understand  why  those  who  suffer  from  violent  causalgia  have 
so  dittinctive  an  appearance:  they  look  anxious,  they  are  Uciturn  and 
irritable,  they  will  not  leave  the  house  or  speak  or  play,  they  lose  both 
sleep  and  appetite.  They  walk  daintily  as  though  to  avoid  all  shock  ;  in 
some  cases  the  hand  is  held  behind  the  back,  in  others  it  is  held  in  front, 
the  healthy  hand  acting  as  a  shield  to  protect  the  other  from  contact  of 
every  kind. 

The  dryness  of  the  skin  causes  particularly  pinful  sensations.  To 
calm  their  sufferings  and  at  the  same  time  avoid  contact  with  the  air,  the 
patients  wrap  the  hand  in  compresses  or  padded  gloves ;  moisture  more 
than  anything  else  gives  them  appreciable  relief;  they  are  often  seen  to 
surround  the  hand  with  a  wet  cloth  consuntly  renewed. 

"Most  of  the  bad  cases,"  says  Weir  Mitchell,  «'keep  the  hand  con- 
stantly wet,  finding  relief  in  the  moisture  rather  than  in  the  coolness  of 
the  application.  Two  of  these  sufferers  carried  a  bottle  of  water  and  a 
sponge,  and  never  permitted  the  part  to  become  dry  for  a  moment.  .  .  . 
One  of  these  men  went  so  far  as  to  wet  the  sound  hand  when  he  was 
obliged  to  touch  the  other"  ;  others  "found  some  ease  from  pouring  water 
into  their  boots." 

Along  with  the  pains  which  constitute  the  main  symptom  of  causalgia, 
other  less  import.int  disturbances  must  be  mentioned.  If  there  is  no 
paralysis  but  at  most  a  slight  muscular  weakening  and  atrophy,  the  vaso- 
motor and  trophic  disturbances  are  often  a  little  more  pronounced. 

The  skin,  usually  macerated  by  the  moist  state  kept  up,  is  smooth, 
warm  and  red,  the  glaay  sUn  type  described  by  Weir  Mitchell.  It  is  some- 
times more  dry  than  on  the  healthy  side  ;  though  more  frequently  causalgia 
would  seem  to  be  accompanied  by  profuse  sweats.  The  fingers  are  thin 
and  slender  ;  flexion  of  the  last  phalanx  is  often  limited.  The  slightly 
striated  nails,  sometimes  a  little  bent,  are  almost  always  of  a  dull  yellow 
colour  resembling  ivory.  They  grow  more  quickly  than  in  their  normal 
state,  and  their  rapid  growth  raises  at  the  extremity  of  the  finger  a  small 
cutaneous  swelling,  constant  in  all  nerve  irritations  and  particularly  painful 
in  causalgia. 

The  skin  shows  extreme  hyper.«sthcsia,  entirely  superficial,  almost 
:ilw.iys  passing  beyond  the  cutaneous  region  of  the  nerve. 

Strange  to  s.iy,  the  vaso-motor  disturbances,  redness  of  the  skin,  dryness 
or  exaggerated  sweating,  like  hyper-«sthesia,  often  extend  far  beyond  the 
cutaneous  region  of  the  nerve  affected. 

Those  authors  base  their  conclusions  on  this  fact  who  tend  to  regard 
causalgia  as  the  syndrome  of  irritation  of  the  vasiular  nerves,  supplied  by 
the  median  or  the  sci.itic  to  the  arteries  which  they  accompany,  or  even  as 
a  sympathetic  syndrome  indicating  lesion  of  the  peri-arterial  plexuses. 
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In  all  cases,  the  refractory  nature  of  theie  ditturbances  is  disheartening. 
No  treatment  relieves  them  ;  liberation  of  the  nerve  remains  almost  always 
inefFectual  {  sedative  electrical  treatment  obtains  ease  only  for  a  few  hours. 

In  these  conditions,  some  authors  considered  the  question  of  section  of 
the  nerve  or  the  injection  of  alcohol  above  the  lesion,  but  even  these  heroic 
measures  may  be  ineffectual ;  after  resting  for  a  few  days,  the  patient 
again  begins  to  suffer.  Regeneration  of  the  cut  fibres  seems  to  take  place 
with  extraordinary  rapidity  ;  cutaneous  hyper-xsthesia  soon  reappears  and 
the  muscles  themselves  rapidly  regain  all  their  excitability. 

Further  on,  wc  shall  study  the  various  treatments  proposed  ;  both 
failures  and  successes  attend  almost  all  therapeutic  measures.  The  present 
therapeutic  uncertainty  is  largely  owint;  to  our  ignorance  of  the  true 
mechanism  of  causalgia. 

Not  without  a  certain  repugnance  can  we  assent  to  cutting  or  alcoholising 
a  nerve  trunk  which  is  not  paralysed,  and  the  regeneration  of  which,  after 
intervention,  is  never  certain. 

Radiotherapy  in  certain  cases  has  given  remarkably  soothing  effects. 

The  paroxysmal  symptoms  of  causalgia,  the  pains  of  an  emotional 
type,  the  vaso-motor  disturbances  and  the  radiation  of  the  symptoms 
beyond  the  region  of  the  nerve  clearly  indicate  a  sympathetic  syndrome. 
(  Leriche,  Meige  and  Mme  Benisty.) 

Denudation  of  the  brachial  artery  and  section  of  the  sympathetic 
plexus  surrounding  it,  recommended  by  Leriche,  have  given  good  results 
in  obstinate  cases. 


v.— HYPERTONIA  AND  CONTRACTION  FROM  NERVE 
IRRITATION 

Wc  have  already  mentioned  the  cases  in  which  slight  nerve  irritation 
produced  simple  contraction  and  fibrous  infiltration  of  the  muscles,  without 
paralysis  or  strongly  marked  muscular  atrophy.  These  are  indisputable 
and  well-known  facts. 

But  it  would  also  seem  that  irritation  of  a  nerve  trunk  might  produce 
states  of  muscular  hypertonia,  veritable  nerve  contractions,  immobilising 
the  muscles  in  a  frequently  paradoxical  posture. 

As  a  matter  of  fact,  these  contractions  from  neuritis  arc  often  of  a 
more  complex  nature  ;  we  shall  study  them  later  on. 


IV.— SYNDROME  OF  REQENERATION 

The  syndrome  of  regeneration  is  seen  in  its  purest  form  after 
nerve  sections  and  nerve  sutures  ;  it  exists  in  the  compressions,  crushinj^s 
or  tcarings  which  are  accompanied  by  complete  or  partial  interruption  of 
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a  nerve  trunk  j  it  it  alto  shown  in  caiet  of  severe  nerve  irriution  where 
the  affected  or  irritated  nerve  fibres  seem  to  have  been  gradually  replaced 
by  young  and  healthy  ones. 

Thus  it  indicates  the  slow  progression  of  the  regenerating  axis-cylinders, 
coining  from  the  central  end,  into  the  empty  sheaths  of  th  •  degenerated 
peripheral  segment. 

No  interrupted  or  even  severely  injured  nerve  fibre  can  resume  its 
functions  except  by  this  budding  of  the  axis-cylindcrt  from  the  central 
end. 

The  regeneration  of  a  nerve  is  essentially  a  long  and  gr.idual 
process. 

Again  wc  must  repeat  that  immediate  or  even  rapid  restoration  of  an 
interrupted  and  sutured  nerve,  however  short  the  interruption,  is  thcurctically 
and  practically  impossible.  No  fact  of  this  kind  h.is  ever  been  .iscertaincd 
by  a  neurologist ;  all  reported  observations  arc  errors  of  interpretation 
caused  by  compensatory  movements  or  by  phenomena  of  collateral  sensi- 
bility. 

The  syndrome  of  regeneration,  then,  consists  of  the  progressive 
reappearance  of  the  functions  of  a  nerve :  motor,  sensory,  trophic  func- 
tions and  electrical  reactions. 

The  beginning  of  restoration  after  a  suture  or  a  traumatic  interruption 
of  the  nerve  is  never  immediate;  the  first  signs  of  regeneration  scarcely 
ever  appear  before  the  fourth  or  even  the  sixth  week. 

Any  interruption  of  nerve  fibres  produces  two  kinds  of  phenomena. 
On  the  one  hand,  it  is  followed  by  the  dcgericration  of  the  whole  peripheral 
segment :  Wallerian  degeneration.  On  the  other  hand,  it  causes  a  series 
of  profound  disturbances  in  the  central  segment ;  this  is  first  an  ascending 
degeneration  of  the  nerve  fibre  above  the  lesion,  a  retrograde  degeneration, 
which  is  always  limited,  and  does  not  extend  more  than  a  few  millimetres, 
ami  afterwards  the  reaction  iidislame  on  the  original  cell,  shown  under  the 
microscope  as  the  phenomenon  of  cellular  chromatcilysis.  Only  after  this 
brief  disturbance  in  the  nerve  does  proliferation  of  the  axis-cylinders  of  the 
central  cri<!  and  their  advance  towards  the  peripheral  segment  begin,  and 
the  first  signs  of  regeneration  become  manifest. 

Return  of  iiic  functions  of  the  nerve  corresponds  with  progression  of 
the  axis-cylinders  in  the  degenerated  nerve  ;  consequently  it  follows  a 
ccntrifujral  course,  i.e.  restoration  is  first  shown  at  the  level  of  the  muscles 
and  integuments  nearest  the  lesion,  ^r.-uiually  and  slowly  extending  to  the 
mure  distant  muscles  and  integuments. 

This  progress  is  not  abMilutcly  regular ;  it  often  takes  pL-ice  in  iumj*, 
during  periods  of  a  few  days  when  the  reijencrating  activity  manifests 
itself,  followed  by  penVxIs  of  rest. 

In  all  cases  rctieiu-ratioii  is  shown  in  the  ncrvi.-  trunk,  in  the  muscles 
and  in  the  •nteguments. 
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I.— SIGNS  OF  REGENERATION   OF  TME  NERVE 

In  the  nerve  two  »ign«  of  regeneration  may  be  o1»k  :   .J  : 

The  appearance  of  formication  called  forth  by  prcMWe  i 

The  return  of  electrical  conductivity. 

The  former  comes  about  at  a  very  early  !»tage  and  i»  most  important } 
the  latter  it  Urdy,  almost  always  following  on  the  return  of  voluntary 
conductivity  t  it  is  consequently  devoid  of  interest. 

The  all-important  sign  is  formication.  We  find  that  sudden  pressure, 
or  percussion  of  the  nerve  trunk,  below  the  lesion,  calls  forth  a  wnsation 
of  formication  in  the  cutaneous  region  of  the  nerve. 

It  appears  about  the  fourth  or  sixth  week.  Then  it  gradually  become, 
more  pronounced,  and  it  is  possible  to  follow,  week  after  week,  in  the 
course  (if  the  nerve,  the  progress  of  this  provoked  formication,  pari  fMun 
with  the  .idvancc  of  the  axis-cylinders.  It  extends  towards  the  pcriphci 
reaches  the  parts  where  the  nerve  divides,  .ind  ends  after  a  few  munth>  by 
reaching  the  cutaneous  region  itself. 

The  more  it  extends  and  shows  itself  towards  the  periphery  of  the 
nerve,  the  less  marked  it  becomes,  finally  disappearing  at  the  level  of  the 
portions  of  the  nerve  which  are  nearest  the  lesion.  Consequently,  there  i> 
in  the  course  of  the  nerve  a  wide  «onc  of  formication  which  can  be 
brought  on,  spreads  ccntrifugally,  corresponds  to  the  zone  of  growth  of  tlie 
young  axis-cylinders  and  at  last  completely  disapprars  when  the  nerve  fibres 
have  regained  their  fully  formed  state. 

Let  us  follow,  for  instance,  the  progress  of  formication  on  a  sciatic 
nerve  sutured  in  the  middle  of  the  thigh  :  about  the  fourth  week  formi- 
cation appears  at  the  level  of  the  suture ;  about  the  eighth  wt  'V  it  is 
asceruined  to  be  a  few  centimetres  below ;  after  three  months  it  reaches 
the  popliteal  space ;  at  the  fourth  month  we  find  it  on  the  internal  and 
external  popliteal  nerves  at  the  upper  third  of  the  leg,  but  at  the  same  time 
it  h.Ts  disappeared  at  the  level  of  the  lesion  ;  at  the  fifth  month  the  nerve 
formicates  on  pressure  from  the  popliteal  space  to  the  level  of  the  malleoli  ; 
finally,  in  the  sixth  month,  it  has  reached  the  foot,  but  h.is  dis.-tppcared  as 
far  as  the  upper  third  of  the  leg. 

Formication  is  the  best  and  almost  the  only  sign  of  regeneration  ot  \\w 
nerve  ;  for  not  only  docs  it  enable  us  to  follow  the  progress  of  regenr ration, 
but  throuf^h  its  intensity,  rapidity  of  migration  and  the  rijjion  in  which  it 
appeals,  it  even  supplies  exact  information  regardinj;  the  cjuality,  extent  or 
limitation  of  regeneration. 

If  the  axis-rt!indcrs  stray  .ind  lose  themselves  in  the  tissues  next  to  the 
lesion,  formi-ation  reveals  them  ;  thus  '"  =>"  interruption  of  the  musculo- 
spiral,  Andre-Thiiinas  was  able  to  dcmonstr.ite  fhc  presence  of  strav-  axio- 
ivIindetN  in  the  musiies  I't'  the  forearm. 

Any  nerve  that  fodiiii-atcs  below  the  lesion  is  a  nerve  in  loiirse  of 
regeneration,  either  partially  or  wlmlly  r  absence  of  formication  over  the 
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enlire  exicni  of  •  degencfatcd  nervi!  trunk  i*  mi  •InMwt  certain  tign  of 
alacnce  of  regeneration. 


II.-SIONS  OF  MUSCULAR  REGENERATION 

These  are — 

Tkr  apptartiKV  of  muicubr  tout. 
The  rttum  of  miiirular  Mniibiliiy. 
The  diminution  of  airophjr. 
Tht  imniUiration  ui  cirririctt  rrwiion*. 
Thr  rrium  of  rohintary  morrnicnl. 

Naturally  all  these  signs  take  place  muscle  by  muscle,  one  after  another, 
in  the  order  in  which  regeneration  of  the  axis-cylinders  reaches  them  ( 
accordingly  we  find  different  results  in  neighbouring  muscles;  it  might 
almoM  be  naid  that  we  find  in  the  same  muscle  different  results  according 
to  the  fiuciculi  examined. 

The  return  of  muscular  tone  seems  to  be  the  first  sign  of  regeneration. 
It  shows  itself  in  the  firmer  consistence  of  the  muKles  on  palpation,  and 
especially  in  progressive  modification  of  the  paralytic  poUure  of  the  limb, 
which  loses  any  tendency  to  be  excessive  and  approaches  a  state  of 
normal  rest. 

The  diminution  of  muscular  atrophy  is  ftir  more  tardy  {  still,  it  may 
considerably  precede  the  return  of  voluntary  movements.  Atrophy,  how- 
ever, does  not  completely  disappear,  except  by  massage,  gymnastics  and 
repeated  electrical  stimulation,  until  many  months  after  the  return  of  all  the 
motor  functions. 

The  appearance  of  muscular  sensibility  is  perhaps  the  earliest  sign  after 
the  return  of  tone.  Nevertheless  it  follows  regeneration  so  far  that  we 
may  regard  the  coexistence  of  tone  and  muscular  analgesia  as  a  sure  sign 
of  regeneration  after  interruption  of  the  nerve. 

Electrical  sensibility  is  perhaps  the  first  to  reappear;  then  comes 
sensibility  to  pressure. 

The  return  of  voluntary  movement  is  the  latest  manifestation  of 
regeneration. 

At  first  it  shows  itself  by  a  slight  hardening  of  the  muscle,  which 
accompanies  the  efforts  of  the  f^iticnt,  and  particularly  the  energetic 
contraction  of  the  antagonistic  muscles ;  no  movement,  however,  is 
apparent. 

Then  there  appear  fiiint  voluntary  movements,  necessitating  considerable 
effort  on  the  part  of  the  patient  and  bringing  into  play  the  violent  synergic 
contraction  of  all  the  muscles  of  the  limb. 

Finally  the  movements  become  definite  but  they  long  remain  weak, 
awkward,  clumsy  and  quickly  exhausted,  inducing  rapid  fatigue  accompanied 
by  slight  trembling. 

Only  by  daily  exercise  will  patients  regain  the  full  range  and  dexterity 
of  their  movements. 
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HI—ELECTRICAL  REACTIONS 

During  the  entire  regeneration,  the  dectmail  reaction*  are  gradually 
mudificd. 

Thctc  modification*  teem  to  take  phwi  m  lomewhat  variable  order, 
according  to  the  case. 

Moreover,  they  are  diflkuit  to  interpret,  (»r  certain  of  the«e  electrical 
modification*  »ecm  clearly  anterior  to  the  arrival  of  theaxi-v-cylindem  in  the 
paraiytcd  muicle*.  Some  patient*,  for  in*tance,  undergoing  electrical  treat- 
ment immediately  after  a  nerve  stuture,  »how  electrical  *ign«  of  ameliora- 
ticin  long  before  nerve  regeneration  can  have  reached  the  mu*clc* ;  »ome, 
previouily  untreated,  *hovir  almo*t  complete  electrical  incxcitability  and 
rapidly  regain  their  galvanic  excitability  ;  in  other*  we  find  that  their 
galvanic  hypo-excitability  dimini*hc*. 

Probably  maMagc  and  electrical  treatment  have  (imply  improved  the 
contractility  of  the  paralysed  muscle*.  These  latter,  from  disuse  and  lack 
of  attention,  showed  the  early  Mages  of  fibrous  tran»tbrmation  with  the 
syndrome  of  muscular  hypo-cxciubility,  wh>ch  the  treatment  cause*  to  dis- 
appear gradually. 

These,  however,  are  modifications  in  quantity,  not  in  quality  (  the  RD, 
with  all  its  characteristics,  persists ;  it  begins  to  be  qualitatively  modified 
only  on  the  arrival  of  the  axis-cylinders  and  after  the  reappearance  of 
tone. 

Fir«t  of  all,  galvanic  hypo-excitability  is  *een  to  diminish  at  the  motor 
point ;  the  closing  contraction  a*  the  negative  pole  becomes  stronger  and 
finally  equals  the  contraction  at  the  positive.  There  is  polar  equality  at  the 
motor  point ;  then  the  formula  again  becomes  normal,  the  negative 
contraction  stronger  than  the  positive. 

At  the  same  time,  longitudinal  reaction  becomes  Icsb  clear  ;  the  muscle 
gr^^ually  loses  its  longitudinal  hyper-excitability,  its  excitation  at  the  motor 
point  becomes  predominant. 

The  contraction,  however,  remains  slow  for  a  very  long  time  \  still,  it 
gradually  accelerates,  but  whilst  becoming  shorter  and  shorter  at  the  motor 
point,  it  remains  slow  to  longitudinal  excitation  for  a  longer  time. 

The  slowness  of  the  contraction  generally  disappears  completely  only 
after  the  return  of  the  first  voluntary  movements. 

It  is  a  generally  recognised  fact  that  faradic  excitability  reappears  only 
after  the  voluntary  movements. 

This  rule  is  true  if  thi.    ;>ual  thick  wire  coils  arc  utilised. 

It  is  not  true,  as  we  have  seen,  if  the  muscle  is  i-x.-imincd  with  thinner 
wire  coils  of  greater  resistance  and  electro-motive  force. 

Thus,  with  the  thin  wire  coils  of  the  ordinary  apparatus,  wc  find,  as 
P.  Marie,  Meige,  and  Mme  Benisty  have  shown,  that  there  exist  muscular 
contractions  which  long  precede  the  appearance  of  voluntary  muveinents. 
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IV.— SENSORY  SIGNS  OF  REGENERATION 

Regeneration  of  the  sensory  functions  takes  place,  like  that  of  the 
muKCular  functions,  by  centrifugal  extension. 

1.  Patients  often  complain  of  spr  Mneous  sensations,  more  disagreeable 
than  painful,  which  assume  the  form  of  shooting  pains  and  especially  of 
tormication  felt  in  the  cutaneous  region  of  the  nerve. 

These  sensations  often  occur  rather  early,  and  generally  it  is  not  possible 
to  regard  them  as  a  sign  of  cutaneous  restoration. 

Indeed,  we  are  now  considering  excitation  of  the  nerve  itself,  in  process 
uf  regeneration ;  this  is  nothing  else  than  i.s  sign  of  spontaneous 
formication.  Movements,  muscular  contractions,  cutaneous  pressure  or 
slight  touch,  when  transferred  to  the  nerve  trunk,  induce  formication  of 
the  axis-cylinders  in  process  of  regeneration. 

At  a  later  period  there  are  observed  sensations  of  cutaneous  itching, 
soothed  by  scratching  or  friction  ;  these  seem  to  be  connected  with  the 
paresthesia  we  shall  study  shortly. 

2.  Harrowing  and  diiappearance  of  the  zones  of  anseitheiia. — The 
anaesthetised  regions  gradually  shrink;  but  this  progressive  diminution 
mostly  takes  place  from  above  downwards,  following  the  growth  of  the 
axis-cylinders. 


2Sth  day 


5Sth  day 


77th  day 


103rd  day 


Fic.  23. — An  instanie  of  sensor)'  ristoratinn  (attrr  siiliin-  of  the  sciatir).  There  may 
be  ilistinsnished  three  schematic  zones  :  a  zone  of  total  ana-sthesia  ;  a  zone  of  hypo- 
.■csthesia  where  pricking  i»  felt  as  touch  ;  a  zone  of  hypo-asthesia  with  pantsthesia 
t>f  rcKeneration  (cutaneous  formication). 

The  return  of  the  deep  sensibilities  is  always  earlier  than  that  of  the 
superficial  ones ;  the  slightest  pressure  of  the  skin  is  felt,  whereas  pricking, 
heat  ar.J  cold  are  scarcely  perceived. 

As  a  rule,  thermal  anesthesia  is  a  little  more  protracted  than  tactile 
painful  sensibility  and  is  always  more  widespread.  In  certain  cases  and  at 
certain  stages  of  regeneration,  this  results  in  actual  sensory  dissociations. 

Moreover,  as  the  different  sensibilities  are  restored,  they  gain  both  in 
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extent  and  in  precision  ;  the  gross  sensations  of  touch,  pain,  heat  and  cold 
are  first  perceived  ;  then  slowly  these  sensations  become  definite  and  allow 
of  the  appreciation  of  the  qualities  of  contact,  the  characteristics  of  pain, 
the  shades  of  temperature  and  the  exact  localisation  of  the  sensations.  It 
is  this  progressive  restoration,  doubtless  corresponding  to  the  regeneration 
of  increasingly  delicate  terminal  apparatuses,  that  has  been  most  minutely 
described  by  Head,  who  differentiates  the  gross  protopathic  sensibilities 
from  the  finer,  epicritic  sensibilities. 

3.  FarsBitheiis. — This  name  describts  very  special  cutaneous  sensations 
which  are  always  found  during  nerve  regenerations. 

Genenilly  these  are  se.isations  of  formic;r  on,  rather  intense  and  at 
tirn>  s  very  disagreeable,  provoked  by  the  slightest  cutaneous  excitation. 
1  .ley  p-e  produced  by  touch,  pricking,  heat,  cold,  and  in  particular  by  a 
slight  stroking  of  the  skin. 

They  are  often  retarded,  at  least  on  their  first  appearance  ;  /'.c,  some- 
what prolonged  excitation  is  needed  to  produce  them. 

In  general,  they  are  diffused,  radiated  over  the  entire  region  in  the 
vicinity  of  the  excitation  and  over  the  course  of  the  restored  nerve. 

Finally,  they  are  persistent  and  are  prolonged  some  seconds  after  the 
end  of  the  excitation. 

Parjesthesia  ordinarily  precedes  the  appearance  of  normal  sensibility,  so 
that  no  cutaneous  excitation  is  yet  clearly  perceived,  but  all  these  excitations 
induce  this  same  sensation  of  disagreeable,  diffused,  radiated  and  persi.tent 
formication. 

The  period  of  paraesthesia  is  prolonged.  It  gradually  diminishes  and 
its  area  becomes  restricted  as  normal  sensibility  is  restored. 

Probably  these  special  sensations  are  due  to  the  presence  in  the  dermis  of 
the  newly  formed  axis-cylinders,  which  penetrate  there  before  the  terminal 
apparatus  is  completed ;  occasionally,  however,  they  appear  so  early  that 
they  certainly  precede  the  regeneration  of  the  axis-cylinde.s ;  their  exist- 
ence is  then  a  paradoxical  pucnomenon,  the  interpretation  of  which  we 
have  so  far  been  unable  to  find. 


v.— DISAPPEARANCE   OF  TROPHIC   DISTURBANCES 

We  have  seen  that  muscular  atrophy  was  both  early  in  its  appearance 
and  slow  in  its  completion. 

Cutaneous,  tendon,  synovial,  articular  and  other  trophic  disturbances 
which  accompany  neuritic  forms  are  even  more  obstinate.  Here  too,  wc 
often  have  to  deal  with  well-marked  cases  of  very  advanced  fibrosis,  the 
disappearance  of  which  requires  complete  restoration  of  the  tissues.  Their 
cure  is  particularly  long  and  difficult,  sometimes  even  impossible  ;  neuritic 
types  too  often  leave  behind  fibrous  sequela?,  muscular  contractions  or  tendon 
adhesions  which  are  positively  incurable. 
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v.— DISSOCIA;  ED  SYNDROMES 

Dissociated  syndromes  orrespond  to  partial  or  unequal  lesions  of  the 
nerve  trunks. 

They  are  frequently  met  with  in  wounds  of  bulky  nerves,  particularly 
of  the  sciatic,  but  a  minute  analysis  of  the  symptoms  often  enables  us  to 
recognise,  in  a  nerve  trunk  of  less  importance,  motor  or  sensory  dissocia- 
tions which  point  to  partial  lesions. 

Consequently  we  may  find  partial  lesions  of  a  nerve  manifesting  them- 
selves by  dissociated  paralysis  confined  to  part  of  the  muscles  supplied  by 
this  nerve.  Lesions  of  the  external  or  internal  part  of  the  sciatic  trunk, 
for  instance,  paralyse  the  region  of  the  external  popliteal  nerve  or  of  the 
internal  popliteal  nerve. 

But,  on  the  other  hand,  we  may  also  find  the  association  of  unequal 
lesions  in  one  and  the  same  nerve,  expressed  by  diflFerent  syndromes. 

There  may  be,  for  instance,  complete  section  of  the  external  fasciculi 
of  the  sciatic  along  with  the  hypotonia,  degeneration,  and  fixity  of  formi- 
cation  which  characterise  the  syndrome  of  interruption  ;  and,  in  the  region 
of  the  internal  popliteal  nerve,  the  return  of  tone,  the  partial  RE  pro- 
gre^ive  formication  and  all  the  signs  of  regeneration  which  indicate  a 
slighter  lesion,  capable  of  spontaneous  restoration. 

In  another  case,  we  may  find  associated  with  the  syndrome  of  com- 
plete  interruption  over  a  part  of  the  nerve  trunk  the  painft.1  symptoms 
and  trop  uc  disturbances  which  characterise  nerve  irritation  of  the  neigh- 
bouring  portion  of  the  same  nerve. 

One  may  easily  imagine  all  possible  associations  and  find  them 
exemplified. 

The  study  of  these  dissociated  types  is  of  great  importance.  It  enables 
us  to  determine  the  topographic  constitution  of  a  nerve;  it  shows 
that  the  internal  or  external,  anterior  or  posterior  fibres  correspond  to 
different  muscular  groups  or  sensory  regions ;  it  informs  us  what,  in  a 
nerve,  is  the  position  of  the  motor,  sensory  and  trophic  or  vaso-motor 
fibres. 

Consequently  it  confirms  the  theories  put  forward  on  the  fascicular 
structure  of  nerves. 

Further,  this  fascicular  topography  of  the  nerve  trunks  seems  suffi- 
ciently definite  to  enable  us  according  to  the  analysis  of  symptomatic 
dissociations  to  establish  which  is  the  wounded  part  of  a  nerve  trunk 
On  these  partially  attacked  nerves  it  will  be  possible  to  practise  partial 
operations  to  liberate,  remove,  and  suturo  only  the  affected  or  destroyed 
part  of  a  traumatised  nerve  whilst  respecting  the  healthy  fibres.  It  will 
be  known  beforehand  that  the  cxternal.part  of  a  neuroma  is  permeable  to 
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regenerated  axis-cylinders,  whereas  its  internal  part  offers  an  insurmount- 
able barrier  to  them. 

Wc  shall  then  be  led,  along  the  lines  of  the  constitution  and  fascicular 
topography  of  the  nerve  trunks,  in  the  direction  of  a  fascicular,  rational 
and  economical  surgery. 

VI.— ASCENDINQ   NEURITIS 

Strictly  speaking,  ascending  neuritis  is  not  a  type  of  traumatic  nerve 
lesions,  it  is  a  complication  and  often  a  serious  one. 

It  is  characterised  by  the  feet  that  the  traumatised  nerve  not  only 
degenerates  rapidly  towards  its  peripheral  extremity,  but  undergoes  a  slow, 
progressive,  ascending  degeneration  of  its  central  segment. 

Ascending  neuritis  seems  due  to  the  progressive  ascent  in  the  nerve,  or 
the  sheath  of  the  nerve,  of  the  toxic  products  or  infectious  agents  of  the 
focus  of  the  wound. 

Fortunately  it  is  very  rare,  for  it  may  culminate  definite  degenera- 
tion of  the  nerve. 

Ascending  neuritis  has  most  frequently  as  its  starting  jioint  the  per- 
sistence of  an  osseous  focus  of  suppuration. 

It  is  characterised  by  very  acute  and  spontaneous  pains,  which  radiate 
over  the  entire  course  of  the  nerve  and  even  above  the  lesion.  These 
pains  are  often  sufficiently  acute  to  enable  the  patient  to  trace  on  his  limb 
the  course  of  the  nerve  involved. 

It  is  a  continuous  pain  with  paroxysmal  crises,  of  a  violent,  distressing 
and  intolerable  nature. 

The  nerve  is  painful  on  pressure,  not  only  at  the  level  of  the  nerve  and 
below  it  as  in  the  syndromes  of  irritation,  but  also  above  the  lesion. 

We  gradually  see  the  slow  ascent  of  this  pain  along  the  affected  nerve. 
Frequently  appearing  in  the  vicinity  of  its  termination,  .t  ascends  to  the 
nerve  trunk  and  finally  reaches  the  origins  of  the  nerve.  It  invades  the 
plexuses  which  become  painful,  we  may  even  find  it  extending  right  to 
the  spinal  cord  and  spreading  to  the  nerves  of  the  opposite  side. 

We  likewise  note  the  ascending  advance  of  muscular  atrophy  and  of 
paralyses,  although  these  latter  are  usually  incomplete.  We  see  the  pro- 
gressive extension  of  the  area  of  cutaneous  an-tsthcsia  or  hyperesthesia. 

Slight  ascending  neuritis  m.-iy  stop  in  its  progress  and  may  retrogress, 
even  after  a  considerable  interval,  especially  when  we  have  been  able  to 
carry  out  energetic  disinfection  or  the  removal  of  the  initial  focus  wl:ich 
caused  it. 

Severe  ascending  neuritis,  however,  is  usually  continued  for  months 
and  sometimes  years ;  it  seldom  stops  before  reaching  the  plexus  and  the 
spinal  cord  itself.  It  causes  pain,  atrophy,  and  disabilities  that  are  often 
permanent ;  section  of  the  nerve  above  the  lesion,  amputation  of  the  limb 
itself,  to  which  one  is  sometimes  reduced,  are  not  always  sufficient  to  stop 
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it  if  the  infectious  or  toxic  agent  has  already  gone  beyond  the  point  of 
section. 

Its  exact  nature  completely  baffles  us,  although  the  hypothesis  of  the 
ascent  of  infectious  germs  or  of  toxic  agents  in  the  nerve  trunks  or  in  their 
sheath  seems  very  probable.  We  arc  almost  completely  helpless  in  its 
presence,  for  whilst  experiments  on  animals  show  that  it  can  be  stopped 
by  early  section  -'  nerve  trunks,  this  is  r  solution  which  one  cannot 
adopt,  apart  from  altogether  exceptional  cases. 
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APPENDIX 

PARALYSIS,    HYPERTONIA    AND  CONTRACTIONS  FROM    NEURITIS 

Slight  irritations  of  the  peripheral  nerves,  capable,  as  we  have  seen,  of 
inducing  fibrous  infiltrations  and  contractions  of  the  muscles,  may  also 
induce  a  kind  of  muscular  hyper-excitability,  culminating  in  a  state  of 
hypertonia  or  even  of  genuine  contracture. 

We  meet  with  a  great  number  of  contractures  seemingly  pradoxical, 
frequently  succeeding  slight  injuries,  which  one  might  be  tempted  to 
regard  as  simple  hysf.  ical  contractures  But  if  we  minuiely  study  these 
contractures,  we  note  tne  presence  c.t  a  certain  number  of  characteristics 
indicating  the  existence  of  organic  lesion,  such  as  cyanosis,  low  tempera- 
ture, profuse  sweats,  trophic  disturbances  of  ,kin  and  nails,  sensory  dis- 
turbances clearly  defined,  slight  modifications  of  tiie  electrical  reactions 
ani.'  mechanical  excitability  of  the  muscles.  These  disturbances  have 
been  specially  studied  by  Babinski  and  Froment  who,  under  the  name 
of  "reflex  contractures,"  have  clearly  distinguished  them  from  simple 
functional  contractures. 

These  are  the  "  painful  contractures  "  described  by  Claude,  the  "  mains 
figen"  of  H.  Meige  and  Mme  Ath.  Benisty,  the  "acro-contraitura"  or 
"  (icro-myotoniei "  of  Sicard. 

It  is  extremely  difficult  to  interpret  these  disturbances.  All  neurolo- 
gists recognise  the  existence  in  these  cises  of  the  slight  changes  studied  by 
Babinsky  and  Froment ;  they  admit  generally  that  these  changes  reveal 
the  existence  of  slight  organic  lesions;  some  regard  them  as  sympathetic 
or  reflex  disturbances,  others  as  the  result  of  slight  neuritis.  Most,  how- 
ever, refuse  to  admit  the  purely  organic  nature  of  these  paralyses  or 
contractures;  they  interpret  them  as  functional  disturbances  fafted  on  to 
slight  organic  lesions.  It  is,  indeed,  illogical  and  abnormal  to  find  a  simple 
sprain  producing  a  paralytic  club-foot  or  a  permanent  contracture  of  the 
foot  ;  it  is  paradoxical  to  find  th.-it  contracture  of  hand  or  arm,  following 
a  simple  fracture  of  tiie  radius  or  a  superficial  wound,  may  last  for  a  period 
of  eighteen  months. 
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Amongst  these  accidents  of  a  complex  and  ill-defined  nature,  it  is  now 
possible  to  distinguish  a  very  clear  group  of  paralyses  and  especially  of 
contractures,  of  manifestly  nervous  origin,  provoked  by  slight  irritative 
lesions  of  a  peripheral  nerve. 

But  in  almost  all  cases  of  clearly  defined  neurites,  it  is  easy  to  prove  the 
existence  of  a  very  important  functional  factor. 

These  neuritic  paralyses  and  contractures  arc  almost  always  functional 
associations.  Nerve  irritation  is  the  origin  of  the  disturbances  found  ;  it 
provokes  the  appearance  of  muscular  hypertonia,  of  pains  and  sensory 
disturbances,  of  trophic,  vaso-motor  and  secretory  symptoms.    But  in  most 


'•  J+-— t-ontractiirc  of  the  hand,  iinmi.bihK.1  in  extension  with  flexion  oF  the  thumb  ; 
|)ertorating  nounil  ot  fore-arm.  Almost  complete  anesthesia  of  the  ulnar;  hvpo- 
xsthesia  of  the  median.  Tn.phie  disturbanies  of  nails  and  skin:  profuse  sweats. 
^Slight  neuritis  ot  ulnar  and  median.) 

cases  it  is  the  permanent  immobilisation,  the  prolonged  inaction,  the  auto- 
suggestion of  impotence  and  the  moral  inertia  of  the  patient  that  i.itensify, 
amplify  and  prolong  these  disturbances  j  it  is  the  dread  of  pain  th.it  immo- 
bilises into  a  st.ite  of  paralysis  the  limb  affected  with  slight  neuritis  it  is 
maction  that  transforms  into  obstinate  contraction  the  neuritic  hypertonia 
of  the  muscles,  it  is  the  inertia  of  the  patient  that  enables  neuritis  to  pro- 
duce its  maximum  effect,  to  keep  up  the  vaso-motor,  thermal  and  trophic 
disturbances  which  wc  find  in  these  cases. 

We  shall  study  more  specially  contractures  caused  by  neuritis  which 
seem  particularly  frequent. 

•  •  •  •  • 

The  first  thing  that  strikes  one  is  the  parodoxical  character  of  these 
contractures,  in  which  the  nerve  lesion  produces  the  exact  opposite  of  the 
usu.ll  paralytic  syndrome. 

Sometimes  they  are  simple  states  of  muscular  hypertonia  painless  and 
rather   easily    reducible.     To    passive    movements    the   muscles   affected 
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opprwe  only  a  certain  claHtir  resistance,  canily  overcome  :  when  they  arc 
reduced,  we  frequently  notice  the  appearance  of  a  kind  of  muKular  tremor, 
comparable  to  the  epileptiform  tremor  of  the  foot.  Their  rigidity  becomes 
greater  during  active  movements  which  become  almost  impossible  for  the 
patient.     This  hypertonia  induces  a  permanent  posture  of  the  limb,  the 
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Fig.  25. — Coiitrai'tiiri'  of  the  hanil  in 
flexion,  atlir  eleven  months,  catiuil  liy 
slight  lesiiin  ot  the  iihiar  and  (he 
median  above  the  elbow.  No  paraiysin, 
normal  electrical  reactions.  Con- 
tracture mainly  of  the  intemssei,  and 
lonlracmre  of  the  palmar  fascia.  It  is 
possible  to  extend  the  hand  without 
much  ilirticidty  ;  it  remains  extendeil 
without  pain  after  contracture  has  been 
overcome,  and  gradually  closes  ayain 
in  5  or  6  hours.  Almost  complete 
:in.e5thckia  ot  the  ulnar,  hypo-.esthesia 
ot  the  median. 


fixity  of  which   is  further   increased  hy  the  inaction  to  which  the  patient 
too  often  resigns  himself  and  which  ends  in  complete  l"-.>  of  use. 

In  other  c.ises,  muscular  rigidity  produces  permanent  contractures, 
which  persist  for  months  and  produce  the  most  paradoxical  attitudes.  They 
offer  enormous  opposition  to  attempts  at  resistance.     Seldom   painful  at 
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rest,  they  become  extremely  painful  when  iui  uttcmpt  i%  made  to  overcome 
them,  and  this  very  pain  seemit  to  increase  their  intensity. 

When  we  have  slowly  and  gradually  succeeded  in  overcominj;  these 
contractures  and  bringing  back  the  limb  to  its  normal  position,  we  lind  that, 


:il 


Fk;.  16. — Conlracture  of  tht  land  from  ilight  Iniim  of  the  ulnar  in  the  <ore- 
arm.    (C'ontratiuri.-  of  tin-  inlvroiici  am!  of  the  hypothriia'    -.linence.) 

in  a  few  minutes,  a  few  hours,  or  even  a  few  days  'he  muscles  contract 
anew  and  the  limb  gradually  resumes  its  original  posture. 

Many  of  these  contractures  are  gr.idualiy  intensified  ;  through  the  relax- 
ation of  the  antagonistic  muscles  and  articular  ligaments,  they  are  found 
by  degrees  to  adopt  the  most  unusual  postures. 

These  contractures  almost 
always  follow  on  slight  wounds  ; 
at  times  appearing  suddenly 
with  the  injury,  more  fre- 
quently coming  about  slowly, 
long  after  the  wound  is  healed, 
they  arc  invariably  accompanied 
by  nearly  normal  electrical  re- 
actions ;  the  usual  symptoms  of 
nerve  lesions  arc  either  scarcely 
perceptible  or  are  altogether 
absent. 

Still,  a  minute  study  enables 
us  to  detect  in  these  "con- 
tractures from  neuritis  "  a  com- 
plete series  of  symptoms  which 
combine  to  demonstrate  the 
existence  of  an  organic  factor  in  the  case. 

I.  The  contracted  muscles  frequently  show,  along  with  slight  atrophv. 


Kk;.  27. — Contracture  of  the  luml  owing  tn 
slight  lesion  of  the  ulnar  in  the  fore  arm.  The 
patient  tan  bend  only  his  thumb,  index  and 
middle  fingers,  and  even  these  very  imperfectly. 
Passive  flexion  is  fairly  easy.  This  figure 
represents  the  maximum  of  flexion  possible. 
(Contracture  of  interossei  and  extensors.) 
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a  ttate  of  mechanical  hyper-cxcitability  indicated  by  the  intcntification  and 
•lowncM  of  the  idio-muHcubr  rcHcxc*. 

Electrical  examination  tomctimv*  rcvcaU  a  certain  ilowneM  of  con- 
traction in  the  shortened  muKlcx. 

Their  special  rigidity  and  the  muscular  tremor  provoked  by  attempt* 
at  reducti(ii)  often  penitt  during  xlight  chloroform  an»»the»ia.  For  instance, 
Habiiwki  and  Froment  have  !tucccvd>-d  in  discoverini;  by  patellar  clunux 
under  anaMthesia,  hypertonia  of  the  contracted  i|uadricepii.  The  tendon 
reflexes  aluo  often  appear  intensified  during  ana-»thcsia. 


Fif;.  a8. — C'oiiiratitiri'  of  the  laml. — 
Hyjicrtonia  f>f  all  the  niiiM-Ici  of  thf 
haiKJ.  The  hami,  at  hr»l  eoiitrailcil 
for  einht  months  in  romplele  Hrxion, 
ha»  liein  cuntraettd  hi  extenalun  after 
gruiliijl  u|H'ninK  "'  '''i'  Hiigirs.  Kol- 
lo'vlng  on  Miupiimtlng  son-  of  the 
\M  >t,  siMiti-  panis  Ml  thi  eoiir»e  of  the 
nil  liaii,  niiH'iilo-^plral  ami  enn  a 
linifofihr  ulnar  «  above  th<  ellio»; 
hy|Ki"'tir»ia  H!  he  area  of  the 
ineiti  ,,.  4Hil  >1  •  „  [♦(-spiral.  (Fro. 
bai'i    awenil.  :!ilis. ; 


These  citntracturcs  are  frequently  accompanitni  h  -r  'T  le>>  pro- 
nounced trophic  or  vaso-motor  disturh.juL>,  ami  In  'urbances 
in  some  cases. 

Generally  there  exists  a  cooling  of  hand  or  toot,  ircspond 

to  a  fall  of  several  degrees  of  temperature. 

Frequently  there  are  profuse  sweats  whicli  soinctiim>  'Juce  actual 
maceiition  of  the  epidermis,  and  appear  along  with  a  sjwciri  iiil  of  red- 
ness of  the  skin,  clearly  localised  in  the  region  of  the  irritate         've. 

In  other  cases  we  have  dull  pallor  of  the  intef^uments,  wit;      -vness  <>f 
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the  »kin.  At  time*,  there  ik  iliglit  Abrouit  iiitiliratinn  nt'  the  inlegumciitu, 
i>r  ftM!  thinning  »(  the  '.m  which  AMumcn  the  aupcct  ot°  onion  nnd. 
Hypcrtrich(Mi«  io  particularly  l'rei|uent. 

Then  we  have  nail  di«turtKini-e» :  their  dull  or  wmetimc*  ktriated 
appearance,  their  yellowinh  hue  comparable  with  that  of  ivory,  the 
cutanei)u»  swelling*  which  their  rapid  growth  raitc*  on  the  pulp  of  the 
finger*. 

Finally,  in  tome  caies,  we  have  klight  contraction  of  the  |>almar  or 
plantar  fatcix,  showing  he  similarity  of  these  caites  to  the  neuritic 
syndromes  we  have  already  investigated, 

3.  Almost  always  thrrc  arc  pronounced  tensor)  diiturbanccs. 

It  it  seldom  that  we  do  not  find  a  more  or  les«  definite  h)  |M)-ii-sthe«ia 


Fir,.  J9. — '•  Acciuirhctir's  har  I  "  due  to  anitraittirc  of  the  imiiclil  of  the  haml  ;  after  a 
I.1II  pruiliii'in)r  fracture  ■>'  railius.  Thermal  an<l  vau>-ni<ilor  disturbanies  prufuM- 
tweatH.  Hy)nw<thc«ia  on  the  re);ion  of  C6,  C7 — aixt  I)i  (pmbalilc  nriiuh  of  the 
hraehhil  plexus). 

in  the  region  of  the  nerve  involved  ;   hypcr.Tsthcsi.1,  on  the  other  luiiid, 
appears  less  frequently. 

Almost  always  we  find  in  the  nerve  itself  pain  on  pressure,  or  the 
presence  along  its  tract  of  provoked  formications,  which  show  slight 
irrit.itiori,  or  the  regcner.-itioii  in  it  of  some  injured  fibres, 

4.  We  must  insist  on  the  anatomical  character  of  the  changes  observed. 
These  contractures  are  generally  clearly  limited  to  the  region  of  the  nerves 
inv  ed,  or  even  to  a  [rartinn  of  their  area  in  c.isc  of  partial  lesions. 
SciKjry,  trophic  and  vaso-motor  disturbances  have  also  a  precise 
topography. 

In  contr.idistinction  to  hysterical  contractures,  states  of  neuritic  hy|KT- 
tonia  are  "contractures  acquainted  with  anatomy." 

•  •  «  •  • 

These  contractures  due  to  neuritis  may  be  found  in  the  rejiion  of  all 
the  motor  nerves. 
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They  would  »c«n,  however,  to  h»*.'  !>ccn  fbunil  with  iMriicnlitr 
frf-<inency  in  the  region  of  the  ulnar  ,  hype.:  Miin  of  the  intcrowei,  afteci- 
ing  all  thtw  mimic*,  or  only  ceriRin  i.f  tlicm,  t.t.KJuce»  contracture,  of 
hand*  and  linger*  s  axKociutio'  of  the  medirn  cauic*  the  appearance  of  the 
"accoucheur'i  hand,"  de»crihcd  hy  Bibit  'v  o  (Jcjccii  <on-raction  of  hand 
and  fingers. 

The  muM;ula.cutantou*  may  be  involved  it  .tain  ontracturc*  of  the 
bicepn.     We  have  iecn  even  the  muM:uli>-«piral    irjucc  contraction  in 

hyper>exten)ion     of     hand     and 
Hngcni, 

Likewise  with  the  lower  limb, 
the  anterior  crural  nerve  ncemt 
responsible  for  certain  contractions 
of  the  quadriccpa,  just  as  the 
sciatic  is  capable  of  provoking 
certain  contractures  of  the  |M»tcrior 
muKcles  of  thigh,  calf  and  foot. 
We  find  ffi  ffuiHui  and  club-foot 
from  contracture  originating  in 
hypertonia  through  flight  irrit.-ition 
of  the  sciatic  or  its  branchev. 


Lexions  of  the  plexuses  would 
also  seem  a»  though  they  must 
have  been  involved  in  certain  cases. 
We  have  observed,  for  inst.incc, 
a  case  of  wrench  of  the  sacral 
plexus  with  liypo-:esthcsia  in  the 
re  ion  of  the  fifth  iumb.ir,  first 
and  second  s.icral ;  there  existed 
a  state  of  obvious  muscular  hyper- 
tonia of  the  posterior  muscles  of 
the  thigh,  .is  well  ;is  of  the  muscles 
of  leg  and  foot.  In  contr.ictures 
of  hand  .ind  arm  also  ;irc  often 
-distribution, — disturbances  which 
he  cervical  roots. 


Firj.  JO. — Contracture  of  rxlcniun  of  hand 
anil  tingrri  ;  folluwing  on  a  wouml  of  the 
hand  crinsini;  the  thenar  nninrnrt- ;  with 
)ir<ilunt;iil  tiippiiratiiir,.  I'rojjrcstivr  ar- 
rciitiution  for  a  pt'riml  „(  »ixtciii  mimlh>. 
Anilt  |iaiiis  In  thr  imirso  of  the  iicr\fi  of 
the  fiirr-arm,  parliiularly  of  the  •iimulo. 
•pirul.  (Probahlc  au'iiiiiing  neiiriti*  of  the 
iniist'iilo-tpiral.) 

found    sensory  disturbances   with    root 
indicate  the  irritation  or  wrenching  of 


Whilst  in  certain  rases  contracture  from  neuritis  is  show  ,n  the 
domain  of . -in  injured  nerve,  there  are  other  more  disturbing  c.ises  where  the 
seat  Of"  the  wound  seeiris  in  no  w-iy  to  justify  the  appearance  of  neuritic 
troublc-s.  These  are  particularly  cases  in  which  wounds  of  fingers,  hand 
or  foot  are  accompanied  by  extensive  contr.ictions. 

These  are  slight  .isiending  neuritcs,  which  spring  from  infection  of  the 
wound.     Their  presence  is  revealed  pri  cipally  by  pain  and   formication 
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in  the  nerve  trunki  on  prewurc  over  a  largtcr  or  Mnallcr  part  nt  their  cuurM! 
above  the  wnunJ,  by  hy|N>-:r»ihe«ia  or  hyp«'r;r'»thc»ia  of  their  mtancoui 
region,  hy  atrophy  of  the  muscles  they  supply,  anJ  nt'tt-n  cxag^.-ration  of 

tl'    inu'-ciil.ir  niul  iciiJon  reflexes  of  their  entire  m<>t>)i  -cgioii. 

There  it  •nether  cause  k!    ■juttmtion  fru-n  neuritis  :  frost-bite. 

Some  forms  of  froM-bite  are  ctiiujeten<ic«i  by  lutitli>«(l  nituritis  of  ihc 
froM-bittcii  extremities.  Sclen  us  infiUration,  trophii  Ji<.turliiU)rt:r>  nf  ■Au^ 
and  nail*,  fascial  contractions,  the  acute  (tain  provoked  by  prcwiure  or<  the 
muscular  bellies,  paralysis  with  faiadic  excitability  of  the  niuocleo,  are  all 
SI)  many  proofs  of  the  ncuritic  character  of  these  cases,  WhiUi,  Imwcver, 
these  trophic  and  paralytic  disturbances  characterise  severe  cases  of  frost- 
bite, sli|;;ht  cases  of  neuritis  may  he  shown  by  muscular  hy|icrtonia. 

We  have  observed  several  cases  of  contraction  af,«arin((  on  frmt- 
bitten  limbs  without  an)  wound,  accompanied  by  the  saw:  sweats,  trophic, 
vaao-motor  and  slight  sensory  disturbances.  Their  more  difTuM-d  distribu- 
tion is  often  irregular  (  for  instance,  we  find  jumbled  Cogetlicr  /.ones  of 
hypo-irsthesiajofhyper-a-sthoi.i,  and  of  almost  normal  sensibility  ;  this  is,  so 
to  speak,  neuritis  in  islets,  hut  the  state  of  n  uscular  hypertonia  i-  as  clearly 
defined  as  in  neuritis  over  a  tystematised  region. 

•  •  •  •  • 

However  clear  the  organic  'ns  noted  in  most  cases,  manifestly  there 
often  exists  in  the  genesis  of  those  contractions  an  important  functional 
factor. 

They  scarcely  ever  appear  except  in  patients  who  arc  resigned  to  theni, 
and  are  flagrantly  inacti.e  ;  they  persist  for  an  um.'onsciunahle  tim.  ;  treat- 
ment improves,  but  rest  and  convalescence  aggravate  them  ;  '"e  even  find 
ccrtai  •  of  these  contractions, almost  cured  by  eU-  ii.''.-il  treatment  and  daily 
mobilisation,  progressively  reappear  uuring  con.  ;i!'.-.cencc.  On  the  other 
hand,  we  iray  find  others  disappearing  under  the  .'ffect  of  treatment,  v»hilst 
all  the  ncuritic,  vaso-motor,  secretorv  and  tropii  ■•  disturbances,  which 
seemed  to  give  them  birth,  persist. 

It  would  therefore  seem  tliat  ni  most  Ciscs  neuritis  cannot  proJi'-e 
such  contractions  without  the  aid  of  the  prolonged  immobilisation  :imu 
muscular  disuse  which  .iggravatc  its  consequences.  We  have  bi.en  i.ble  to 
giie  a  mthcr  curious  demonstration  of  this  ;  oi>t  of  fifteen  p:.tients  suflFering 
from  contraction  due  to  irrit.it'on  of  the  ulnar,  with  immobilisation  of  the 
inti  rossei  and  of  the  hypothcnar  eminence,  we  found  only  two  cases  where 
theie  wa"  i:.-  '  .-ction  of  the  adductor  pollicis  ;  the  other  thirteen  patients 
h.id  saved  the  thumb  and  succeeded  in  retaining  its  movements  int.»ct ; 
probably  with  a  little  effort  and  patience  they  might  have  .tvoideJ  con- 
traction ot  the  other  fingers,  not  so  necessary  *br  everyday  use. 


!     »| 


Treatment   of  contr.ictions    from    neuritis    is   ;■    ;i,irticularlv  delicate 
matter.     Knergetic  mobilisation  accentuates  them  ;  .n.iss.ige  and  eleitrical 
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stimulation  are  painful  at  times  and  unpleasant  to  bear;  and  yet  it  is 
impossible  to  allow  the  contraction  to  continue,  the  more  so  as  there  is 
almost  always  a  tendency  gradually  to  become  more  and  more  inactive 
from  relaxation  of  the  anugonists  and  of  the  articular  ligaments. 


/ 


Fh;.  ^i. — CIuMoot  from 
rontrartioii  following  on 
sprain,  after  cighticn 
months !  In  the  right 
foot  is  contraction  of  all 
the  plantar  muscles  as  well 
as  contraction  of  the 
tibialis  posticus  which 
causes  cluh-foot.  Dis- 
lurbances  of  sensibility 
revealing  slight  neuritic 
lesion  of  the  external 
popliteal  and  more  par- 
ticularly of  the  internal 
popliteal  nenes.  (Com- 
pare with  the  healthy  left 
foot.) 

VVc  have  been  very  successful  in  bringing  about  gentle,  progressive 
and  continuous  mobilisation  by  the  aid  of  improvised  appliances.  An 
associated  treatment  consists  of  hot  baths  with  faradic  current  ;  these  give 
the  best  results.  Indeed,  a  very  hot  and  prolonged  bath  causes  these 
contractions  to  become  remarkably  supple ;  if  there  is  introduced  into  the 
bath  a  moderate  faradic  current,  interrupted  by  the  metronome,  its  v.iso- 
dilator  action  is  further  increased,  at  the  same  time  very  gentle  massa"e  is 


CLINICAL  TYPES 


9> 


applied  to  the  contracted  muscles  ;  an   undulatory  faradic  current  would 
certainly  be  even  better. 

One  condition,  however,  is  indispensable  in  the  cure  of  these  cases ; 
perseverance  and  good  will  on  the  part  of  the  patient.  Indeed,  the  treat- 
ment of  these  contractions  is  long,  wearisome  and  often  painful.  Too 
frequently  the  patient  becomes  discouraged,  resigned  to  the  disuse  of  his 
contracted  limb,  and  then  he  ceases  to  contribute  to  the  treatment  the 


Flo.  31. — Claw-like  cnntraction  of  the  feet  following 
on  frost-bite,  with  signs  of  slight  ne. iritis  ami 
rutaneoiis  hypiKtsthesia. 

main  factor,  after  all — his   personal  quota  of 
exercises  and  active  movement. 

It  must  not  be  forgotten  that,  though  slight 
neuritis  is  the  initi.tl  cause  of  contr.iction,  it  is 
frequently  disuse,  inertia  or  indifference  on  the 
part  of  the  patient  that  enables  it  to  get  a  hold 
on  him.  Though  this  contraction,  at  the  end 
of  several  months,  has  become  so  irreducible 
as  to  prevent  all  voluntary  movement,  such  is 
not  the  case  when  it  first  shows  itself.  Probably  in  most  cases,  daily 
exercise,  patient  mobilisation,  sincere  efforts  to  recover  the  use  of  the  limb 
would  rapidly  have  dispelled  contraction. 

We  discover  this  by  noting  the  various  results  of  treatment  according 
to  the  moral  condition  of  the  p.-itient.  Where.is  some  rapidly  improve  by 
a  tre.-itment  they  follow  with  interest,  others  submit  to  it  without  con- 
fidence and  unwillingly,  they  take  no  interest  in  the  results,  make  no 
effort  of  their  own,  and,  quite  unconcerned,  allow  contr.tction  to  follow  its 
course.  The  treatment,  therefore,  of  these  disturbances  essentially  involves 
a  moral  factor,  just  as  their  p.ithogeny  introduces  an  important  functional 
factor. 
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GENERAL  DIAGNOSIS  OF  PERIPHERAL  NERVE 

LESIONS 

We  shall  not  dwell  long  on  the  differential  diagnosis  of  peripheral  trau- 
matic  paralysis,  for  in  the  course  of  our  clinical  sketch  of  the  subject 
under  consideration,  we  have  drawn  attention  to  the  main  errors  possible. 

I.  It  must  be  remembered  that  this  study  is  confined  to  injuries  of  the 
peripheral  nerves  from  wounds,  so  that  we  may  at  once  eliminate  • 

(1)  Central  paralysis,  cortical  monoplegias,  following  traumatisms  of 
skull  or  brain-characterised  moreover  by  the  absence  of  atrophy  and 
electrical  disturbances,  exaggeration  of  the  reflexes,  progressive  change 
to  a  spastic  state,  predominence  of  paralysis  or  of  anesthesia  at  the  peri- 
phery of  the  limb  absence  of  the  peripheral  type  of  distributing  ani^sthesia. 
(2  Paralysis  by  cord  lesions,  compression,  crushing,  or  hematomyelia. 
1  he  same  spastic  symptoms  indicative  of  lesion  of  the  pyramidal  tract 
characterise  paralysis  related  to  cord  lesions.  ' 

Compressions  of  the  cord  are  nevertheless  accompanied  by  compression 
of  the  roots,  so  that  we  find,  in  addition  to  the  spastic  signs  of  spinal  cord 
paraplegia,  signs  of  paralysis  of  the  peripheral  type  which  correspond  to 
the  roots  included  in  the  compression. 

On  the  other  hand,  hematomyelias  which  sometimes  follow  a  simple 
vertebral  concussion  or  a  sort  of  gaseous  embolus  by  decompression 
(paralyses  from  shell  shock)  are  often  limited  to  the  grey  matter  of  the 
cord  They  cause  in  this  case,  from  a  lesion  of  the  anterior  horns, 
paralyses  of  the  peripheral  type,  analogous  to  those  of  poliomyelitis  For 
instance,  we  may  meet  with  hematomyelias  limited  to  the  first  and  second 
sacral  segments,  which  are  somewhat  similar  to  paralysis  of  the  sciatic 

Almost  mvaiiably,  however,  the  history  of  a  spinal  injury,  the  greater 
diffusion,  at  first,  at  all  events,  of  the  paralytic  signs,  and  the  habitual 
coexistence  of  some  slight  indications  of  pyramidal  irritation  are  all 
elements  which  help  the  diagnosis. 

On  the  other  hand,  these  hematomyelias  are  often  accompanied  by 
lesions  of  the  posterior  horns,  with  disturbances  of  sensation  •  but  these 
disturbances  are  arranged  with  root  distribution  ;  they  have  neither  the 
intensity  nor  the  precise  limitation  of  peripheral  an.-tsthesias  5  almost  in- 
variably they  are  dissociated,  and  then  we  note  along  with  a  more  or  less 
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marked  diminution  of  thermal  and  painful  sensibilities,  a  relative  preserva- 
tion of  tactile  sensibility  and  an  almost  complete  integrity  of  deep 
sensibility. 

(3)  Peripheral,  sponuneous,  progressive  polyneurites ;  these  have 
naturally  all  the  signs  of  peripheral  paralyses:  flaccidity,  hypotonia, 
muscular  atrophy,  and  disturbances  of  electrical  reactions  5  they  often  show 
sensory  disturbances  or  pain  and  the  fibrous  contractions  of  nerve  irritation  ; 
they  are  almost  always  bilateral  and  symmetrical. 

(4)  Root  inflammation,  caused  by  inflammation  of  the  meningeal 
sheaths  surrounding  the  spinal  nerve  roots.  Almost  .ilways  sensory  or 
sensory-motor,  seldom  purely  motor,  inflammation  of  the  nerve  root  of 
lower  or  upper  limb  are  alike  spontaneous  and  progressive.  They  often 
owe  their  origin  to  syphilis,  sometimes  to  tuberculosis,  more  rarely  to 
infectious  meningitis  such  as  cerebro-spinal  meningitis.  The  root 
distribution  of  motor  and  sensory  disturbances,  the  radiating  pain  provoked 
by  coughing  and  sneezing,  the  signs  of  concomitant  meningeal  irritation 
revealed  by  lumbar  puncture,  generally  enable  us  to  recognise  them. 

2.  The  most  important  diagnosis  concerned  with  the  group  of  func- 
tional paralyses.  They  are  extremely  frequent,  and  we  continually  find  it 
necessary  to  differentiate  them  from  peripheral  nerve  lesions. 

This  matter  of  false — or  rather  artificial — paralyses  is  extremely 
important. 

(i)  Following  on  war  wounds,  there  are  found  typical  hysterical 
paralyses,  the  main  characteristics  of  which  must  be  remembered. 

At  first  they  are  almost  always  striking  by  reason  of  their  paradoxical 
nature,  the  evident  disproportion  between  the  importance  or  the  site  of 
the  wound  which  is  frequently  a  Might  one, and  the  extent  of  the  paralytic 
disturbances. 

They  are  widespread  and  absolute  ;  nor  is  there  found  in  the  patient 
any  attempt  at  compensation. 

They  correspond  to  no  definite  anatomical  region,  but  attack  an  entire 
limb  or  segment  of  a  limb  ;  they  do  not  paralyse  a  movement  but  rather 
a  function. 

Almost  invariably  they  are  accompanied  by  widespread,  absolute  pra- 
doxical  anesthesia,  corresponding  to  no  nerve  region  but  rather  affecting 
a  whole  line  or  segment  of  a  limb.  These  are  segmentary  ana:sthesias, 
clearly  limited  by  a  circular  line  ;  glove,  boot,  leg  of  mutton,  etc.,  types  of 
anxthesia. 

They  are  not  associated  with  muscular  atrophy,  loss  of  tone,  dis- 
turbances of  the  reflexes  or  trophic  disturbances. 

Still,  we  see  that  there  occurs  in  the  long  run  a  sort  of  muscular  hypo- 
tonia from  disuse;  we  also  at  times  note  a  slight  cyanosis  which  may  be 
due  to  prolonged  disuse  or  to  the  dependent  posture. 

The  electrical  reactions  of  nerves  and  muscles  are  normal  or  almost 
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normal.  It  is  possible  to  detect  a  slight  hypo-excitability  in  muscles  long 
pralysed. 

These  paralyses  are  almost  always  accompanied  by  a  special  frame 
of  mind,  characterised  by  an  absence  of  effort. 

There  api^ai-s  to  exist  so  absolute  a  conviction  of  paralysis,  so  great 
a  certainty  of  its  incurability,  that  the  patient  comes  to  take  no  interest  in 
his  paralysed  limb,  he  does  not  seem  anxious  to  recover. 

And  yci  these  paralyses  may  oe  rapidly  and  thoroughly  cured  if  the 
patients  arc  placed  under  appropriate  treatment,  the  main  elements  of 
which  are  isolation,  patient  psychotherapy,  energetic  faradisation  and  motor 
re-education. 

Apart,  however,  from  these  well-established  hysterical  paralyses,  there 
are  many  functional  paralyses  which  must  be  recognised. 

(2)  Paralyses  from  prolonged  inaction  or  loss  of  the  habitual  muscular 
movements. 

As  a  sequence  of  muscular  wounds,  fractures  necessitating  prolonged 
immobilisation,  tendon  lesions  or  articular  injuries,  we  may  have  pseudo- 
paralyses  due  to  prolonged  disuse  of  the  muscles.  These  are  caused  by 
dread  of  pain  or  by  a  sort  of  loss  of  the  habitual  use  of  the  muscle,  or  even 
by  the  simple  conviction  of  incapacity. 

Nevertheless,  electrical  reactions  are  normal ;  faradisation  of  the  muscle 
provokes  its  energetic  contraction  and  demonstrates  to  the  patient  the 
possibility  of  movement ;  faradic  treatment,  energetic  if  need  be,  rapidly 
effects  a  cure. 

(3)  Pseudo-paralyses  from  pain. 

With  these  cases  must  be  compared  muscular  incapacity  provoked  by 
pain,  the  wounded  man  ceasing  to  contract  his  muscles. 

(4)  Pseudo-paralyses  from  contraction  of  the  antagonists,  rendering 
movement  impossible. 

(5)  Functional  paralyses  from  prolong.ition  of  organic  paralysis. 

In  certain  cases  we  find  that  paralysis  is  protracted  when  caused  by 
nerve  lesion  even  after  the  nerve  has  regained  its  functions  and  the 
electric-il  reactions  have  become  normal. 

These  functional  paralyses  are  after  all  only  an  exaggeration  of  muscular 
incompetence,  seen  in  wounded  men  who  recover  their^lost  function. 

Thiy  are  specially  frequent  after  nerve  lesions  accompanied  by  nerve 
irritation,  because  in  the  cases  the  drcid  of  pain  and  a  certain  degree  of 
fibrous  transformation  c  nuscles  arc  associated  with  the  auto-suggestion 

of  incompetence. 

Faradisation  again  provides  the  means  of  diagnosis  and  treatment. 

(6)  Functional  paralyses  from  anirsthesia. 

In  these  cases,  the  r.Mc  of  .luto-suggcstion  is  even  more  manifest.  We 
are  now  concerned  with  paralyses  following  on  lesion  of  a  sensory  nerve 

1  he  most  frequent  example  is  afforded  by  lesion  of  the  median  at  the 
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lower  third  of  the  fore-arm  ;  this  nerve  has  become  almost  entirely  sensory, 
having  to  supply  only  the  motor  twigs  to  the  thenar  muscles  and  to  the 
lumbricales ;  now,  we  find  an  inexplicable  paralysis  of  flexion  in  the  first 
three  fingers.  The  patient,  noticing  that  there  is  anaesthesia  in  hand  and 
fingers,  concludes  that  they  are  powerless  and  ceases  to  move  them. 

The  same  thing  is  met  with  in  the  lower  lesions  of  the  anterior  tibial 
or  of  the  musculo-cutaneous. 

Here,  too,  faradisation  showsintcgrity  of  the  muscles  and  the  functional 
nature  of  the  paralysis 

3.  In  a  third  group  we  may  place  the  osseous,  muscular,  and  tendon 
lesions. 

(i)  Paralyses  from  pseudarthrosis. 

(2)  Pseudo-paralyses  resulting  from  muscular  destruction. 

(.')  Pscudo-jf;/^i  produced  by  muscular  or  tendon  contraction.  For 
instance,  the  ulnar  pscxxdo-grijfl-  produced  by  contraction  of  the  flexors  of 
the  last  two  fingers  or  the  pseudo-paralysis  of  the  external  popliteal  nerve, 
resulting  from  fibrous  contraction  of  the  calf  or  of  the  Achilles  tendon, 
with  production  of  ^«  equinus. 

(4)  Pseudo-paralyses  of  hand  or  fingers  produced  by  cicatricial  adhesion 
of  the  tendons,  or  following  on  the  tendon  adhesions  which  nerve  irritations 
produce. 

(5)  Reflex  muscular  atrophies,  following  n  a  neighbouring  fracture  or 
arthritis  or  on  simple  contusion  of  the  muscle. 

(6)  Pseudo-paralyses  from  hypotonia  and  muscular  stretching. 

The  type  of  these  is  furnished  by  the  pscudo-musculo-spiral  paralysis 
following  on  hypotonia  and  stretching  of  the  extensors  of  the  wrist.  It 
may  be  found  following  contusion  of  the  fore-arm,  after  lesion  or  section  of 
the  tendons,  producing  a  sort  of  accidental  tenotomy,  or  even  as  the 
consequence  of  a  prolonged  defectiv;  posture.  For  instance,  we  have  found 
it  following  hysterical  p.iralysis  of  the  hand  which  began  ten  months 
previously  ;  in  another  case  after  fracture  of  the  '  umerus  and  the  wearing 
for  six  months  of  a  sling  supporting  the  fore-arm  and  allowing  the  hand  to 
droop  at  the  wrist ;  in  these  two  cases,  voluntary  raising  of  the  hand  by  the 
lengthened  extensors  of  the  wrist  was  possible,  though  at  the  cost  of  so  great 
r.'i  eflbrt  th.it  trie  hand  permanently  retained  the  posture  of  musculo-spiral 
paralysis  and  the  patient  had  given  up  holding  it  extended. 

1  his  muscular  hypotonia  caused  by  a  vicious  posture  is  a  distinct  factor 
in  artificial  prolongation  of  musculo-spiral  paralysis.  It  proves  the  necessity 
in  this  paralysis  of  an  apparatus  to  keep  the  hand  permanently  extended. 

Muscular  hypotonia  is  also  accompanied  by  almost  normal  electrical 
reactions  ;  it  is  cured  after  a  somewhat  prolonged  faradic  treatment  ;  in 
extreme  cases,  plication  or  shortening  of  the  tendons  m.iy  even  be 
indicated. 

(7)  Contractions,  whetiier  the  result  of  muscular  irritation,  defensive 
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immobilisation,  a  prolonged  posture  or  a  simple  hysterical  manifestation, 
occasionally  produce  postures  which  might  be  mistaken  for  those  of 
paralysis. 

Especially  may  they  be  mistaken  for  nerve  irritations  and  fibrous 
infiltration  of  the  muscles  or  the  accompanying  tendon  contraction. 

It  is  fairly  easy  to  recognise  the  elastic  resistance  of  contractions  to  the 
attempts  at  mobilisation,  very  different  from  the  fibrous  resistance  of  the 
contracted  muscles.  These  contractions  disappear  under  anesthesia.  Still, 
we  have  seen  that  very  often  they  had  as  their  initial  cause  a  slight  nerve 
irritation. 

4.  Isohamio  ptrtlyiU— Ischemic  paralysis,  resulting  from  vascular 
obliteration  is  sometimes  most  difficult  to  distinguish  from  paralysis  caused 
by  nerve  lesions,  and  especially  from  syndromes  of  nerve  irritation  shown 
by  fibrous  contractions,  tendon  adhesions  and  grifft  postures. 

Ischemic  paralysis  is  sometimes  found  following  ligature  or  thrombosis 
of  the  great  arteries,  such  as  the  axillary,  the  subclavian,  the  brachial,  the 
femoral  or  the  popliteal ;  it  may  also  appear  after  dressings  and  especially 
after  bandages  too  tightly  applied. 

It  is  essentially  characterised  by  ischaemia  with  cyanosis,  cooling  and 
trophic  disturbances  of  the  wounded  limb.  There  is  nothing,  however, 
more  variable  than  the  extent  of  these  disturbances,  with  like  lesions,  in 
different  patients. 

Whereas  the  majority  of  normal  subjects,  after  ligature  of  the  axillary 
or  the  sub-clavian,  for  instance,  simply  present  fleeting  ischemic  disturbances 
of  the  hand,  with  the  same  lesion,  others  show  marked  signs  of  permanent 
ischemia,  generally  limited  to  the  hand  though  sometimes  extending  over  a 
considerable  segment  of  the  i-pper  limb. 

Ligature  also  of  the  femo.'al  o  'opiiteal  may,  according  to  the  patient, 
be  well  borne  or  may  provoke  tl  ppearance  of  ischemic  paralysis  of  the 
foot  or  even  of  the  leg. 

These  differences  of  ischem  Jisturbances,  considerable  in  extent  and 
intensity  are  rather  difficult  to  interpret.  Probably  the  previous  state  of 
the  iieripheral  arteries,  the  ease  or  difficulty  of  arterial  substitutions  by 
collateral  circulation,  and  perhaps  especially  the  nerve  lesions  associated 
with  the  arterial  lesions,  play  an  important  role  ;  nevertheless  the  problem 
of  the  pathogenesis  of  ischemic  paralysis  is  not  completely  solved. 

At  all  events,  we  may  describe  two  phases  that  occur  in  the  evolution  of 
this  syndrome. 

In  the  first  phase  there  is  only  an  (edematous  infiltration  of  the  affected 
limb,  together  with  cyanosis  and  cooling. 

In  the  second,  after  an  average  of  two  to  three  months,  we  see  the 
fibrous  transformation  of  this  oedema. 

This  progressive  sclerous  infiltration,  which  makes  the  sub-cutaneous 
cellular  tissue  puffy,  invades  the  dermis,  contracts  the  muscles,  hardens  the 
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aponeunwcs,  submergM  the  tendons  and  synovial  sheathi  in  a  veritable 

fibrous  mass,  gives  the  tissues  a  woody  consistence  and  finally  transformt 

the  hand  into  a  kind  of  fibrous  bat. 

All  the  movements  are  suppressed  or  considerably  reduced  by  fibrous 

immobilisation  ;  the  gl.ssy  skin,  desquamating  here  and  there  in  broad 
scales,  without  papillary  crests  and  reliefs,  is  cold  and  purple,  sometimes  a 
shming  red  }  the  deformed,  cracked,  curved  nails  take  on  the  appearance  of 
shapeless  claws;  the  bones  become  extremely  decalcified;  the  w.yxly 
contraction  of  all  the  tissues  produces  wide-spread  atrophy  of  the  limb,  the 
fingers  have  a  fusiform  appearance  ;  the  osseous  projections,  the  prominence 
o|  muscles  or  tendons,  the  cutaneous  creases,  the  articular  swellings 
diwppear  and  become  atrophied,  submerged  in  the  progressive  fibrous 
infiltration. 

With  this  special  and  charactistic  appearance  are  associated  certain  signs. 

1.  Ischamic  paralysis  is  accompanied  by  the  disappearance  or  consider- 
able diminution  of  the  radial  pulse  in  the  case  of  the  hand,  of  the  dorsalis 
pedis  artery  and  of  the  tibialis  posticus  in  the  case  of  the  foot. 

2.  The  arterial  blood  pressure  undergoes  similar  diminution.  Whereas 
for  instance,  we  find  by  Pachon's  oscillometre  an  antibrachial  pressure  of 
16-8  on  the  healthy  side,  we  shall  find  on  the  aflected  side  a  pressure  of 
io-8,or  of  9-8  shown  by  extremely  feeble  oscillations.  In  ischemic  paralysis 
of  the  entire  lower  limb  following  on  the  obliteration  of  the  common  iliac, 
we  have  even  found  an  entire  absence  of  blood  pressure  or  of  the  slightest 
oscillation. 

Still,  in  certain  cases  of  ligature  of  the  axillary,  we  meet  with  consider- 
able diminutions  of  pressure,  without  serious  isch*mic  disturbances. 

3.  Ischemic  paralysis  is  almost  always  painful,  accompanied  by 
spontaneous  pains  with  such  characteristics  as  burning,  formication,  or 
unpleasant  tingling. 

Deep  pressure,  the  contact  of  heat  and  especially  of  cold,  are  often 
very  painful.  All  the  same,  there  are  ischa-mic  paralyses  almost  free  from 
pain. 

4.  In  contrast  with  this  painful  sensibility  which  mainly  appears  to  be 
deep-seated,  we  usually  observe  considerable  anesthesia  or  hypo-.-esthesia 
of  the  skin,  affecting  without  dissociation  all  the  superficial  sensations, 
tactile,  painful,  thermal. 

Anesthesia  predominates  at  the  extremity  of  the  limb  and  gradually 
decreases  towards  its  origin  ;  consequently  it  has  a  segmentary  topography. 

5-  The  electrical  reactions  of  the  infiltrated  muscles  are  profoundly 
disturbed.  We  may  find  typical  reactions  of  degeneration,  and  particularly 
enormous  hypo-excitability,  sometimes  even  the  abolition  of  all  electrical 
excitability  ;  this  is  rather  the  syndrome  of  fibrous  transformation  of  the 
muscles ;  the  muscles  react  only  to  a  very  intense  current,  but  we  do  not 
note  any  polar  inversion  ;  often,  too,  stimulation  of  the  nerve  at  a  distance 
provokes  the  movements  more  readily  than  does  excitation  of  the  muscle. 
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It  n  often  difficult  to  diagnow  thne  iKharmic  ditturbanctni,  not  from 
limple  paralyict  by  nerve  icction  o"  comprewion,  but  more  (.-Kpecially  from 
muKular  contractions,  trophic  ditturbances  and  fibrous  griffti  of  nerve 
irriutioni. 

Moreover,  the  asaociation  of  nerve  Iniont  with  arterial  obliteration!  i« 
very  frequent  {  the  median  and  ulnar  nerve*,  with  the  brachial  artery  ;  the 
popliteal  artery,  and  the  internal  popliteal  nerve  are  very  often  affected  by 
one  and  the  same  wound  ;  it  may  be  that  the  atiMciation  of  nerve  icsions 
is  an  important  factor  in  ischvmic  paralysis.  In  several  >.aaes  of  ischzmia 
from  lesion  of  the  brachial,  involving  the  median  and  the  ulnar,  we  have 
seen  ischsemic  disturbances  becoming  enormously  increased  in  the  region 
of  the  affected  nerve. 

Bonamy  and  Verchire  have  reported  a  very  intercstinK  case  in  which 
ischemia  of  the  hand  resulting  from  lesion  of  the  axillary  was  accompanied 
by  gangrene  of  the  hand  and  fingers  in  the  region  of  the  musculo-spiral, 
which  was  itself  slightly  injured.* 

Neverthelesa,  in  a  general  way,  the  diagnosis  of  ischemic  disturbances 
and  nerve  lesions  may  easily  be  made  along  the  following  general  lines  :  — 
We  find  in  ischemic  paralysis  no  peripheral  nerve  topography  what- 
soever. 

On  the  other  hand,  the  distribution  of  ischa-mic  disturbances  is 
essentially  segmentary  and  centrifugal. 

All  disturbances,  cyanosis,  cooling,  fibrous  infiltration  and  anxsthesia  are 
preponderant  at  the  extremity  of  the  limb  ;  they  gradually  and  regularly 
diminish  as  we  approach  its  root. 

Finally,  the  diagnosis  of  ischzmic  paralyses  is  far  from  being  as  favour- 
able as  that  of  the  peripheral  nerve  lesions.  These  paralyses  arc  severe 
and  often  incurable  lesions,  producing  permanent  incapacity. 

Still,  this  principle  must  not  be  set  up  absolutely,  for  in  certain  cases 
a  well-conducted  and  sufficiently  prolonged  treatment  by  means  of  hot 
baths,  permanent  hot-wrappings,  massage,  mobilisation  and  galvano-taradic 
baths  may  cause  rapid  retrogression  of  the  symptoms.  For  months  and 
even  years,  these  patients  are  capable  of  progressive  improvement  which 
at  times  surpasses  the  most  sanguine  hopes  and  expectations. 

•  Bonjniy  and  Vfrchere.     "A  Caic  of  Gangrene  of  the  Fingtn  an.)  Han.l  in  thr  Rrgiun  of 
the  Muiculo-ipiral."     .W«V./«  CUmrgiini  dt  Pari,,  ii  May,  191;. 


PART   II 
UPPER  LIMB 


CHAPTER   VI 

MUSCULO'SPIRAL  NERVE 

Paralvsis  of  the  musculo-.piral  nerve  is  by  far  the  most  frequent ;  tor  not 
only  may  the  nerve  be  affected  directly  like  the  other  nerve*  of  the  uppet 
limb,  but  It  IS  very  often  surrounded  and  compressed  in  the  callus  of 
fractures  of  the  humerus ;  it  may  also  be  accidentally  compressed  at  the 
level  of  the  axilla  by  pressure  of  crutches  (crutch  palsy)  or  on  the  posterior 
surface  of  the  arm  by  pressure  of  a  sharp  edge  during  deep  sleep  (Saturday 
night  palsy).  c       i         i    v  / 

ANATOMY  OP  THE   MUSCULO-SPIRAL  NERVE 

The  musculo-spiral  nerve,  alonj;  with  the  circumflex,  has  its  orittin 
trom  the  posterior  cord  ,u 

of  the  brachial  plexus.   A"""""'  "I-"'-      ^\        \^         Po.irr!or  a.pert. 

It  crosses  the  arm- 
pit behind  the  vasculo- 
nervous  bundle  ;  then 
it  plunges  obliquely 
towards  the  posterior 
part  of  the  arm  and 
describes  round  the 
diaphysis  of  the  hume- 
rus the  spiral  semi- 
circle which  brings  it 
over  the  external  sur- 
face of  this  boiic. 
Along  this  course  it  ap- 
pears on  the  posterior 

surface  of  the  humerus  c^igatu      v 

.„   .k„  ,_  ■     1      flfifif       ^  '"*•  IJ  ""'I  3+— Course  ot  the 

in  the  space  comprised     UK  muKulo-spiral  nerve. 

between  the  inner  and       ^  (<liagraaimatic). 

outer  heads  of  the  triceps  and  covered  by  its  long  head. 

After  passing  round  the  humerus,  the  musculo-spiral  appears  on  the 
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external  border,  then  on  the  anteroM^xternal  »urfrce  of  thm  hone,  lying 
on  the  fibres  of  origin  of  (he  brachiali*  anticiu.  In  itt  spiral  tract  round 
the  humerus  it  is  very  often  aflfccted  by  fractures  of  this  bone  or  surrounded 
by  callus  formation. 

It  descends  into  the  muKular  interspace  separating  the  supinator  longus 
from  the  biceps,  right  to  the  line  of  the  crease  of  the  elbow. 


Cimimftrx  lunc 


Nerve  to  outer  heut  ul  iricepi 
Miimilu-ipiral  nervt 


Muirulo-iipiral  nrrvr 
(Ext.  rut.  br.) 


Br.  10  the  teres  minor 
Cut,  br.  tu  (houMer 

MuM'tilo.ipirsI  i»erve>'i 
Rr.  to  Uing  hcdl  of  triceps 

Hr.  to  inner  htad  uf  trit'epi 


Br,  tu  outer  head  of  trirrp 
and  aiH'onvua 


Br.  to  inner  heail  of  irirepi 
(ulnar  cullateral) 


I'Inar  nirve 


Br.  to  anconeus 


Fl(i.  35. — MuH'ulo-tpiial  nrnc  on  p<»lvrior  surfect-  nf  arm  and  fure-arni. 
(After  Sappey.) 

It  then  divides  into  its  two  terminal  branches — 

I.  The  anterior  branch,  the  less  important,  exclusively  sensory,  follows 
the  direction  of  the  nerve,  proceeding  along  the  internal  edge  of  the  supi- 
nator longus  and  covered  by  it. 

At  the  lower  pan  of  the  fore-arm,  it  psscs  outwards  under  the  tendon 
of  the  supinator  longus,  passes  round   the  external  edge  of  the  radius. 
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bwomn  luhcuUncouit  and  Appern  at  the  donal  «urface  «>f  the  wri»t,  where 
it  divide*  into  three  branches,  ii  ; ended  tor  the  Ktiwry  innervation  of  the 
dofMl  nurfacr  of  the  hand. 

3.  The  pokterior  branch,  a  very  important  one,  pamict  round  oulnide 
the  neck  of  the   radius,  traventet  the  tupinator   breviii,  then   procccd» 


MiitciilO'iipinil  nerve 
Hr.  lo  iiipiimtnr  lungii* 


Hr.  to  cxtrnH)r  rarpi  nulialit  hwgior 
Hit'iiri',  ot'miiM'iik>-i(iinl  ncrre 
Nr,  III  cxien.  rarpi  r•lliali^  brrvior 

MuM'ulo.tpiral  lurvc,  ;  cni,  hr,  { 
Muuiilar  braiuhct  I 


'NtiiKiilo-riitaiiiiiuii  iirrtr 


Katlial  iicrvc 


I 


f  Ra.lial  iiervr 


:  Kailial  anil  miiiiiiliMutaiicixii 
an»si'>moMi 
Kailial  ntrvr,  iliji;.  br. 


h  II..  56. — MiiMiilo. spiral  mnc  iir  (losttrior  surtaic  ot  arm,  Ion-arm  ami  liaiiil. 
(Atlcr  Sap[K'y.) 

between  the  superficial  layer  and  the  deep  layer  of  the  posterior  muscles 
ot  the  fore-arm,  supplyinc:  all  of  them  with  motor  branches. 

Under  the  name  of  posterior  interosseous  nerve,  this  branch,  applied  to 
the  posterior  surface  of  the  interos.seous  ligament,  extends  right  to  the  level 
of  the  wrist.  The  terminal  branches  are  distributed  over  the  periosteum 
;mi!  the  aiticulations  of  the  carpus  atiil  the  mct.icirpus ;  wc  shall  sec  that 
their  trophic  role  is  a  particularly  important  one. 
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Motor  Bkanchiii 

The  inuKulo-»piral  ii  «bnvc  all  a  motor  ncrvt.  It  (tivn  off  in  turn 
the  following  motor  branchn : — 

1.  Below  the  axilla  at  the  pottcrior  ourfacc  of  the  arm  :  thr  nerve  to 
the  long  head  of  the  trircp*  j  the  nerve  to  the  inner  head  j  tht  nerve  to 
the  outer  head,  which  extends  down  to  the  ancnncuv 

2.  In  the  bicipital  furrow :  the  nerve  to  the  supinator  longu*  j  the 
ncr\c  to  the  extensor  carpi  radialis  longior, 

3.  In  passing  round  the  neck  of  the  radius,  the  posterior  branch 
supplies  :  the  nerve  to  the  exterior  carpi  radialis  hrcvior  and  the  branches 
to  the  supinator  brevis. 

4.  On  the  posterior  surface  of  the  arm,  this  same  branch  supplies : 

the  nerve  to  the  ex- 
terior carpi  ulnaris  {  the 
nerves  to  the  extensor 
communis  digitorum 
and  to  the  extensor 
proprius  digiti  minimi, 
then  descending,  the 
nerves  to  the  extensor 
oasis  metacarpi  poilicis, 
to  the  extensor  longu» 
poilicis  and  to  the  ex- 
tensor brevis  poilicis 
mnnus }  the  n»rve  to 
the  extensor  indicis. 

5.  Finally,  the  an- 
terior branch  sometimes 
supplies  the  thenar 
eminence  with  a  little 
branch  which  partici- 
pates in  the  innervation 
of  the  abductor  poilicis 

(the  median  supplies  the  principal  innervation  to  this  m;  sclc). 

This  nerve  twig  has  no  great  importance ;  all  the  same  it  explains  the 

very  slight  atrophy  of  the  abductor  sometimes  found   in   musculo-spiral 

paralysis. 


PoMrrior  '11^  ffil         Anecrior 

"pcct.  »rf  aip«t. 

Fir.j.  37  ami  j«.— Mon.r  ilitirihuiitm  of  the 

mtisfiilo-tpiral. 


Sensory  Branches 

The  sensory  contribution  of  the  musculo-spiral  is  of  slight  importance. 
We  may  describe  its  three  branches — 

I.  Internal  cutaneous  branch  to  the  arm  which   is  given  oft  at  the 
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lower  part  nf  the  uilla  ami  goet  to  Mipply  the  prntero-inierrail  p^ri  o(  the 
■rm  M  far  a»  the  olecranon. 

a.  External  cutanrou*  Branch,  wliirh  is  i^jvcn  off  from  the  n>  >>culo- 
*pirat  juti  when  it  patMcn  round  the  external  edge  of  >hc  humerui  and 
it  diitributed  ;  to  the  poatero-extcrnal  surface  of  ^he  arm  t  and  to  t'  e 
poaterior  surface  of  the  fbre-.4r:i»,  in  the  /rm  of  a  narrow  band,  lying 
between  the  aref->  o>  the 
muiculfvcutaner'ji  and  in- 
ternal curane()ut. 

3.  The  anterior  branch 
of  the  muKulo-opiral  it 
prcdontinanity  nentiory.  It 
tefminatet  on  the  donn\  »ur- 
face  of  the  wriM  in  three 
branches  which  (upply  ttiu 
tation  to  the  external  part 
of  the  thenar  cmincnci:,  to 
.ne  external  part  "♦■  the 
dor«al  surface  of  thi  hand, 
to  the  entire  dorul  surface 
of  the  thumb,  to  the  'Jorsal 
surface  of  the  index  up  to 
the  second  phalanx,  to  ^Mlf 
the  dorsal  surface  of  the 
middle  finger  up  to  the 
scidnd  phalanx  (th.:  dorsal 
surface  of  the  lasit  phalanges  of  these  two  fingers  is  supplied  by  the  median). 


Ficis,  j9  ami  40. — Srntory  iliilribut'  m. 


Anastomotic  Br>..«chf.s 

The  muMulo-spiral  nerve  presents  no  important  an,-»stomosi>.  with  rhe 
other  nerves.  Its  sensory  fibres  alone  an.istomo<ic  with  tlu'  sensory  fibres 
of  the  other  nerves  at  the  confines  of  its  cutaneous  ri|;iiiii.  These  arc 
terminal  anastomoses. 

We  meet,  however,  at  the  lower  third  of  the  fore-arm,  with  a  small 
twig  of  union  between  the  sensory  brnnch  of  the  musculo-. pir.il  a.id  the 
musculo-cutaneous. 
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PHYSIOLOQY  OF  THE  MUSCULO-SPIRAL   NERVE 
MUSCULO-SPIRAL  PARALYSIS 

I. — Motor  Syndrome 

The  musculo-spirai  nerve  is  essentially  the  nerve  of  extension. 
1.  Paralysis  of  musculo-spirai  nerve  is  essentially  paralysis  of  extension. 
Extension  of  the  fore-arm  on  the  arm  by  the  triceps. 
Extension  of  the  hand  on  the  fore-arm  by  the  radial  extensors  on  the 
outer  side  and  by  the  extensor  carpi  ulnaris  on  the  inner  side. 


F|<;.  41. — Attitude  in  musculnspiral  |>aralysis. 

Extension  of  the  fingers  on  the  hand  by  the  extensor  communis  ami 
by  the  extensors  of  the  thumb,  the  index  and  the  fifth  fingers. 

This  paralysis  results  in  a  special  deformity  :  the  fore-arm  half  flexed 
on  the  arm,  the  hand  drooping,  the  fingers  half  flexed  by  the  tonic  action 
of  the  flexors. 

But  paralysis  of  the   extensors  of  the  fingers    involves  onlv  the  first 
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phalanges;    if  wc  artificially  raise  the  first  phalanges,  we  find  that 
patient  can  easily  extend  the  second  and  third  phalanges. 
For,    while    the    extensor 

Fxi.  timl. 
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Slip  to  first  phalanx 
Pcrf.  tib. 

Iiilrrouri 


Liimliricalt'S 
Exp.  ot  A|>unL'ur(>5is 


-^  Long  slip 


42- — Tcnilons  ot'thi'  coininon  extensor ; 
connexions  (tk-ep  aspect). 

Wc  sec  that  the  exterior  tcmkin  semis  to  the  HrM 
phalanx  a  slip  of  insertion  which  limits  its  action 
to  this  phalanx  alone.  The  slips  intenileil  for  the 
secoml  anil  third  phalanges  arc  affected  by  the 
lumbricalcs  and  the  interosici. 


tendons  continue  right  to  the 
last  phalanx  of  the  fingers, 
they  really  act  along  their 
deep  surface,  on  the  head  of 
the  first  phalanx,  a  close  ad- 
hesion limiting  their  action  to 
the  extension  of  the  first 
phalanges  upon  the  metacarpu' 
alone. 

It  is  the  interossei  that  ex- 
tend the  second  and  third 
phalanges  upon  the  first  by  the 
tendinous  slips  which  they 
send  to  the  extensor  tendons. 

Thus, orthopedic  appliances 
intended  to  correct  musculo- 
spiral  paralysis  have  no  need  to 
extend  more  than  the  first 
phalanx. 

2.  Musculo-spiral  paralysis 
is  accompanied  by  paralysis  of 
extension  of  the  thumb. 

3.  The  extensor  carpi  ulnaris  muscle,  which  is  an  extensor  of  the  hand 

on  the  fore-arm,  also  produces 
a  movement  of  adduction  of  the 
hand. 

Consequently,  abduction  is 
weakened,  though  it  remains 
possible  through  the  flexor  carpi 
ulnaris  (ulnar  nerve).  It  then 
occurs  along  with  flexion  of  the 
hand,  in  default  of  the  synergic 
antagonism  of  the  extensor  carpi 
ulnaris. 

4.  Wc  also  have  par.ilysis 
of  supination  (su|iin,itor  brcvis). 

At  the  same  time  a  slight 
degree  of  supination  by  means 
of  the  bicep-i  persists,  but  this  is 
possible  only  if  the  fore-arm  is 
flexed. 
6.  Sign    of    the    supinator    longus.  —  Althougli    supplied    by    the 


Fl'i.  +j. — Exlensjoii  ot  smmd  and  third 
phal.oiHcs  on  the  first,  by  the  action  of  the 
interossei  in  muscido.spiral  paralysis.      This 

fiatient,  siprttring  from  mnsciilo-spiral  para- 
ysis  and  (xisBcssing  considerable  articular 
laxity  of  the  fingers  siiccct-dcd,  in  spite  of  the 
droop  ot  hand  and  fingers,  ni  producing  with 
his  interossei  a  hyper-extension  of  the  secoml 
and  third  phalanges. 
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musculo-spiral,  the  supinator  longus  is  not  an  extensor ;  it  is  not  even  a 
supinator,  in  spite  of  its  name.  It  is  rather  a  flexor  of  the  fore-arm  on  the 
arm,  almost  as  powerful  as  the  biceps  ;  that  it  is  supplied  by  the  musculo- 
spiral  nerve  is  quite  an  anomaly,  since  it  really  belongs  to  an  altogether 
different  physiological  group,  that  of  the  flexors. 

It  contracts,  synergically  with  the  biceps,  in  every  flexion  of  the  fore- 
arm, standing  out  prominently. 

The  disappearance  of  this  synergic  contraction  of  th*;  supinator  longus 
is  one  of  the  best  signs  of  peripheral  musculo-spiral  paralysis.  Indeed, 
it  is  not  found  in  root  or  spinal  cord  paralyses  which  are  confined  to  the 
root  region  of  the  musculo-spiral  (essentially  the  seventh  cervical),  whilst 


Fk;.  4+. — Normal  subject.  Contraction 
ot  the  supinator  longus  accompanying 
contraction  of  the  biceps. 


Fig.  45. — MiiiK'ulo-spiral  paralysis.  The 
supinator  longus  iloes  not  contract 
synergically  with  the  biceps. 


leaving  untouched  the  upper  root  group  (deltoid,  biceps,  brachialis  anticus 
and  supinator  longus,  which  depend  mainly  on  the  fifth  and  sixth  ccrvicals). 

As  we  arc  aware,  contraction  of  the  supinator  longus  is  retained  in 
saturnine  paralysis,  of  the  musculo-spiral  tyr   . 

Any  musculo-spiral  par.ilysis  where  the  supinator  longus  is  untouched 
should  at  once  attract  attention.  If  this  dissociation  is  not  due  to  lesion  of 
the  nerve  below  the  branch  which  it  supplies  to  the  supinator  longus,  then 
we  are  dealing  with  pscudo-musculo-spiral  paralysis,  through  root  or  spinal 
cord  lesion,  polyneuritis,  or  hysterical  paralysis. 

6.  In  musculo-spiral  paralysis  wc  note  a  considerable  diminution  of 
energy  in  flexing  the  fingers.  This,  however,  is  not  a  real  weakness,  but 
results   from  the  faulty  attitude  of  the  flexed    hand  ;  contraction  of  the 
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flexors  can  take  place  powerfully  only  if  the  antagonists  put  the  hand  in 
extension.  If  the  hand  is  artificially  raised,  the  fingers  will  regain  their 
full  power  of  flexion. 

II. — Sensory  Syndrome 

The  musculo-spiral  nerve  is  but  very  slightly  sensory,  its  region  is 
confined  to  the  posterior  part  of  the  arm,  a  tract  on  the  back  of  the  fore- 
arm and  a  part  of  the  dorsal  surface  of  hand  and  fingers. 

It  must  be  added  that  an.-csthesia  of  the  internal  cutaneous  branch  is 
scarcely  noticeable  and  is  very  rare,  since  it  occurs  only  in  lesions  high  up 
in  the  axilla. 

The  external  cutaneous  branch  is  more  frequently  affected,  particularly 
in  fractures  of  the  humerus  ;  still,  we  can  just  discern  on  the  external 
surface  of  the  arm  and  behind  the  fore-arm  a  small  area  of  hypo-.-usthesia. 


Typical  liistributioii         Frequent  type.  Very  frequent         An:«thesia  extcml- 

of  anesthesia  'type.  in);    iK-yonil    the 

typical         region 
(very  rare). 
KiG.  46.— Types  <>t"  anesthesia  from  lesions  ot  the  miiMulo-spiral. 

SO  restricted  is  its  sensory  ro/f  and  so  great  the  overlapping  of  neighbouring 
nerves. 

An.xsthesia  in  musculo-spiral  paralysis  is  not  often  found  anywhere 
else  than  on  the  hand.  Seldom  does  it  reach  the  typical  distribution  of 
the  musculo-spiral,  far  more  seldom  does  it  go  beyond  it.  Most  frequently 
it  liinits  itself  to  a  very  restricted  part  comprising  the  dorsal  region  of  the 
fir      md  the  second  metacarpal. 

.1  is  often  very  slight,  sometines  even  it  can  scarcely  be  seen  ;  in  any 
case,  it  is  exceptional  to  find  complete  anicsthesia  in  this  region  ;  at  most 
we  have  more  or  less  marked  hypo-a;sthesia. 

In  this  same  region  is  found  formication,  brought  out  by  pnssure  on 
the  nerve  ;  it  exists  even  in  cases  where  anxsthesia  is  scarcely  discernible. 
It  even  appears  at  times  in  lesions  of  the  posterior  branch,  showing  the 
presence  therein  of  sensory  fibres. 
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in. — Trophic  Syndrome 

In  musculo-spira;  paralyses  wc  frequently  find  an  abnormal  projection 
of  the  hones  of  the  carpus,  forming  the  dorsal  swelling  of  the  carpus. 

Prohr.bly  this  is  due  to  simple  relaxation  of  the  carpal  ligaments  with 
slight  .ubiuxation  of  the  os  m.ignum  and  of  the  semi-lunar,  rather  than  to 
genuine  trophic  disturbance.  In  some  cases,  and  especially  in  neuritis,  it 
seems  to  be  produced  by  an  actual  teno-synovitis  of  the  extensor  tendons. 
It  is  in  neuritic  forms  that  wc  find  the  real  trophic  disturbances, 
attacking  the  integuments,  the  synovial  sheaths,  the  mctacarpo-phalangeal 

and  digital  articulations. 

It  would  seem  extremely  probable 
that  this  trophic  role  is  due  partly  to 
the  posterior  branch  of  the  musculo- 
spiral,  for  it    is  found  even   in  cases 


Fig.  48. — CEdema  of  the  hand  in  a  case 
of  musculo-spiral  paralysis (Fcction  of 
the  nerve). 


Fui  47. — Dorsal  swelling  of  the 
rarpus. 

where  neuritic  irritation  acts  ex- 
clusively on  this  branch. 

The  nails  are  very  slightlv 
affected  in  neuritis  of  the  mus- 
culo-spiral. Wc  know  that  its 
innervation  is  limited  to  the  first  phalanges.  Vascular  disturbances  are 
usually  very  slightly  marked  ;  most  frequently  they  are  lacking  ;  in  any 
CISC  they  never  possess  the  definite  character  of  the  vascular  disturbances 
of  the  median  and  the  ulnar. 

In  some  c.ises  of  musculo-spiral  par.ilysis  we  find  (edema  of  the  dorsal 
surface  of  the  hand.  This  is  rare,  though  it  is  met  with  both  in  nerve 
sections  and  in  nerve  irritation  ;  its  appearance  is  certainly  favoured  by 
the  drooping  attitude  of  the  hand. 
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TYPES  OF  MUSCULtVSPIRAL  PARALYSIS 

Thoc  types  should  be  studied  : 

1.  According  to  the  seat  of  the  lesion  and  the  topographical  distri- 
bution of  the  paralysis ; 

2,  According  to  the  clinical  type  produced  by  the  lesion :  interruption, 
compression,  nerve  irritation  or  regeneration. 

TYPES  ACCORDING  TO  THE  SEAT  OF  LESION 

I. — TorAL  Paralysis  of  the  Musculo-spirai. 

This  is  produced  by  lesions  of  the  nerve  at  the  lower  part  of  the 
axilla  and  by  crutch  palsy. 

It  is  charactcri>  '  by  para- 
lysis of  the  triceps,  along  with 
abolition  of  the  olecranon  reflex, 
in  addition  to  all  the  other 
symptoms  of  musculo-spiral 
paralysis. 

We  note  the  complete  dis- 
appearance of  the  movements 
of  extension  of  the  fore-arm  on 
the  arm  ;  paralysis,  atrophy  and 
RD  of  the  triceps. 

After  all,  it  is  very  seldom 
found  in  its  pure  state,  for  the 
musculo-spiral  nerve  supplies 
its  first  tricipital  branches  im- 
mediately below  the  axilla.  It 
is  seen  more  frequently  in 
musculo-spiral  paralysis  associ- 
ated with  that  of  the  circumflex 
or  of  the  other  nerves  of  the 
arm  resulting  from  axillary 
lesions. 

Paralysis  of  the  triceps  easily 
passes  unperceived  unless  sought 
for  systematically ;  indeed,  when 
at  rest,  it  is  not  indicated  by 
any  special  attitude.  It  is 
always  accompanied  by  exaggerated  passive  f  axion  of  the  elbow. 


Kio.  49. — Paralysis  of  the  triceps.  Lesion  at 
the  ha.se  of  the  axilla.  The  patient, on  trying 
to  extend  the  fore-arm  on  tne  arm,  succeeds 
only  in  raising  the  arm  outwards  anil  back- 
wards by  contraction  of  the  deltoid  (circum- 
flex) ;  the  fore-arm  hangs  vertically. 


II. — Partial  Paralysis  of  the  Triceps 

The  triceps  is  supplied  by  three  different  branches  :  branches  to  the 
internal  head,  to  the  long  head,  and  to  the  external  head. 
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Lesions  between  the«c  branches  may  produce  prtial  paralysis  of  the 

In  such  cases.wc  have  to  deal  with  a  nerve  lesion  very  high  up,  at  the 
postero-mternal  surface  of  the  arm.  We  always  find  paralysis  of  the 
outer  head  and  of  the  anconeus,  with  more  or  less  complete  integrity 
of  the  mner  head  and  the  long  head,  the  branches  of  which  originate  quite 
Close  to  each  other,  one  or  two  centimetres  above  the  branch  to  the  outer 
head,  which  also  supplies  the  anconeus. 

It  is  often  difficult  to  detect  the 
existence  of  this  partial  paralysis  of  the 
triceps,  for  extension  of  the  fore-arm 
persists,  and  is  scarcely  diminished 
at  all.     Only   by   palpation   of   the 


H  IG.  50.—  Diswt'iated  raralytii  of  the 
tricep$.  Integrity  of  the  long  head 
and  of  the  inner  head  j  paralvkis 
atrophy  and  RD  of  the  outer  head. 
The  patient  is  making  an  effort  to 
extend  his  arm,  against  resistance. 


Fig.  51.— Musculo-suira!  paralysis  with 
dissociated  |iaralysis  of  the  triceps. 


con  racttng  muscle  can  we  recognise  the  flaccidity  and  atrophy  of  the  outer 
head.  Faradtc  examination  by  the  bi-polar  method  also  shows  the  per- 
sjstence  of  contraction  in  the  case  of  the  inner  head  and  the  long  hSd. 
their  disappearance  in  the  case  of  the  outer  head. 

The  olecranon  reflex  is  retained. 

The  external  cutaneous  branch  makes  its  appearance  below  the  tri- 
c-pital  branches  ;  ,ts  participation  is  indicated  by  a  faint  narrow  tract  of 
hypo-assthesia  on  the  posterior  surface  of  the  fore-arm. 

IIL-MUSCULC^SPIRAL  PaRALVSIS    ABOVE    THE    SUPINATOR    LoNOUS. 

fh  7'''1'*  ''!.'■'  u'*'''*'  ""''  •""''  ^'*'''"^"'  'yP^  °f  muscuio-spiral  paralysis, 
that  produced  by  wounds  on  the  external  surface  of  the  arm,  simple 
compression  of  the  nerve  on  a  sharp  edge,  fractures  of  the  shaft  of  the 
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humenn  with  involvement  of  the  nerve  in  the  callus  or  in  the  surrounding 
tissues.  Secondary  involvement  in  callus  of  a  musculo-spiral  nerve 
originally   intact  is  theoretically   possible;   it   must,  however,   be  quite 


Fi<;.  52.— Wotindf  un  ihe  external  turfarc  uf  the  arm  with  fracture  of  the  humenit. 
Typical  miisciilo-tpiral. 

exceptional ;  for  we  have  always  found  that  paralysis  occurs  immec'iately 
with  the  wound. 

Muscuio-spiral  paralysis  is  characterised  at  this  level  by  inaction  of  the 
supinator  longus,  the  radial 
extensors,  the  extensor  carpi 
ulnaris,  and  the  extensors  of 
the  fingers,  causing  the  typical 
flexed  attitude  of  the  hand  and 
of  the  first  phalanx  of  the 
fingers. 

The  olecranon  reflex  is 
retained. 

The  triceps  is  of  course 
untouched,  as  is  the  anconeus. 

Although  this  small 
muscle  is  situated  below  the 
olecranon,  in  the  posterior 
compartment  of  the  fore-arm, 
it  is  no  more  than  a  pro- 
longation of  the  triceps  and  is 
supplied  by  the  branch  to  the 
outer  head. 

Its  integrity   is  indicated   by  no  special  attitude  or  moveinent,  but  it 
may  be  a  tause  of  error  in  electrical  cxamitiatioti.     Indeed,  if  we  try  to 


Posterior  aspect.       Anterior  aspect. 

Fliis.  5  J  and  54. — Muscuio-spiral  paralysis  below 
the  triceps. 
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obtoin  fiiradic  excitability  of  the  pmterior  muicle*  of  the  forearm,  the 
anconeus  excited  by  difiutir  ,,  often  respond,  by  .light  contractions  which 
may  be  taken  for  a  retponite  of  the  radial  extenson  or  of  the  extenwm  of 
the  nngcn. 

The  external  cutaneous  branch,  which  emerges  on  to  the  external 
surface  of  the  arm,  may  be  affected  by  the  Iwion  or  remain  untouched,  as 
the  case  may  be.  Its  interruption,  moreover,  is  shown  only  by  a  slight 
and  faint  narrow  tract  of  hypo-.sthesia,  on  the  external  surface  of  the 
elbow  and  descending  on  to  the  posterior  surface  of  the  fore-arm. 

We  must  remember  that  if  the  musculo-spiral  nerve  is  found  to  be 

enclosed  in  callus,  it  is  sometimes 
rather  difficult  to  bring  about  the  sign 
of  formication  at  the  level  of  the  lesion. 
It  is  necessary  to  make  on  the  callus 
a  few  slight  taps,  capable  of  trans- 
mitting the  shock  to  the  enclosed 
nerve. 

Lesions  of  the  musculo-spiral  nerve 
by  involvement  in  callus  are  particu- 
larly likely  to  induce  symptoms  of 
nerve  irritation,  along  with  pains 
caused  by  pressure  on  nerve  and 
muscles,  trophic  disturbances  of  in- 
teguments and  digital  articulations, 
tendon  adhesions  limiting  the  passive 
flexion  of  the  fingers.  These  are  cases 
which  call  for  liberation  of  the  nerve, 

Fic    ..     P.-I..-.   o»   ,K  • ""''  '''^  *"*'""  '•"*  '"  '^°"^y  the  more 

'L|.r  Th'^^U:  n'o'lonXr    «««fe«ory  will  be  the  results  obtained, 
traits  nynergii-ally  with  the  bieepi.  Operations  on    the    musculo-spiral 

...  ,.,  "e"e     at     this     level,     sutures     and 

liberations  alike,  are  particularly  liable  to  be  followed  by  secondary  involve- 
ment in  the  callus  or  in  cicatricial  fibrous  tissue,  by  reason  of  the 
proximity  of  the  fractured  bone.  This  is  the  main  cause  of  lack  of 
success  after  operations.  Accordingly  it  is  usually  necessary,  more  than 
anywhere  else,  to  surround  the  nerve  with  a  muscular  or  fatty  cnvclopt- 
and  at  an  early  stage  to  massage  and  mobilise  the  scar.  ' 


IV.— Musculo  SPIRAL  Paralysis  below  the  Supinator  Long 


;;us 


Lesions  at  the  lower  part  of  the  bicipital  furrow,  direct  traumatism  or 
fracture  of  the  epicondyle,  may  affect  the  musculo-spiral  immet^  '■• 
below  the  branch  to  the  supinator  longus. 

There  is  then  complete  paralysis  of  extension  of  hand  and  ringers,  but 
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must  be 
that  the 
the  supi- 


Fk;.    56.— Origin    of    the     Kk;,  57. — IntrKrily  of  the 

hramhet  tii  the  tiipinalnr        mipinaior  longiii,  weak- 

longiit  and  ti>  the  railial        enin^    of    the    exteiiKir 

exteniora.  rarpi     nulialii     longior, 

paralyiit  of  the  extentor 

carpi  raiiialU  brevior. 


the  Dupiiiator  lon^ut  it  untoucheil  and  contract!)  kynergically  with   the 
bicepi. 

Several  times  we 
have  found  this  type 
in  neglected  fractures 
of  the  epicondyle  with 
a  fibrous  loop  enclosing 
the  nerve  at  the  level 
of  the  line  of  the  frac- 
ture. The  integrity  of 
the  supinator  longus 
might  have  made  one 
regard  it  as  a  functional 
paralysis. 

Still,  it 
remembered 
branches  to 
nator  longus  and  to  the 
extensor  carpi  radialis 
longior  arise  near  each 
other  from  the  trunk  of 
the  nerve  itself,  whereas 
the  twig  to  the  extensor 
carpi  radialis  brevior  has 
its  origin  much  lower 
from  the  posterior  inter- 
osseous ;  accordingly 
there  will  often  be  ob- 
served weakening  of  the 
supinator  longus  accom- 
panied by  paralysis  of 
the  extensor  carpi  radi- 
alis longior.  More 
frequently  if  the  lesion 
is  in  the  vicinity  of  the 
joint  wc  note  the  in- 
tegrity of  the  supinator 
longus,  simple  weaken- 
ing of  the  extensor 
carpi  radialis  longior 
and  [laralysis  of  the 
extensor  carpi  radialis 
brevior ;  electrical  ex- 
amination enables  us 
easily  to  dissociate  these  symptoms. 


Fifi.  58 — Integrity  of  the  supinator  longus.  Atrophy 
and  paralysis  of  the  radial  extensors.  Wound  inflicted 
at  the  mlildle  part  of  the  furrow  of  the  supinator 
longus. 
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v.— Ml'H«.U).»PI«At  PaHALVMH  UU)W  th«  Radui.  Exi(nm>m 

In  thi%  CAM,  the  Iwion  in  of  the  piMterior  branch  alone,  hclow  the  joint 
or  cIk  on  the  outer  surface  of  the  neck  of  the  radiut  or  even  at  the 
poaterior  uirfacc  of  the  fore-arm. 


Fic.  59. — IntcKiiiy  of  tlw  radial 
rxirnmn.  Wc  Hiiil  paralyiril  i 
The  iiipcrfM'ial  layer  of  miiM-ks, 
exirnxir  carpi  iilnarii  anil  ex. 
iriiMir  rnnimunit  iligitonim, 
i-overinif  the  ilcrp  layer  made  up 
ot  the  cxtcnior  iiwm  mctacarpi 
pollirii,  the  exleimirt  uf  the 
thumb  ami  of  the  index. 

The  anterior  branch  is 
untouched  ;  consequently 
there  are  no  sensory  disturb- 
ances in  the  hand. 

Raising  of  the  hand  is 
possible  but  the  extensors  of 
the  fingers  and  the  extensor 
carpi  ulnaris  arc  paralysed. 

If  there  is  considerable 
hypotonia  of  these  latter 
muscles,  we  may  see  the  con- 
traction of  the  radial  extensors 
raising  the  hand  by  giving 
it  a  deviatory  movement  out- 


Fic.  (o.— WoiiihI  on  the  pmterior  (iirfarc  of  lh« 
arm.  Intevriiy  of  the  latlial  exieniora.  Ex- 
lention  of  hami  on  fore-arm  powibU.  Para. 
lytii  of  the  exteniort  M  the  Snifen. 


.34 


Ki<;.  61. — Conirai'tliin  ot  ihr  radial  ex. 
tt'iisors  i>  nil  lunger  babnial  by 
synerKii-  contraciinn  »f  the  extensor 
»ar|>i  ulnaris  ;  the  hand  deviatrs  to- 
wards the  radial  siile. 


wards ;  this  is  because  their  traction  takes  place  on  the  radial  side  of 
the  hand  and  must  normally  be  balanced  by  the  synergic  contraction 
of  the  extensor  carpi  ulnaris  on  the  inner  side  of  the  wrist. 
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VI.— DlMOCUTtON   or  THI    EXIENSOB    CoMMUNi!)    DllilTORlIM 

Hclow  the  radial  extendi  4  and  the  xupiiiator  br«v  k  a  kwioii  uf  the 
pmterior  branch  of  the  muKulo-tpiral  may  affect  the  extentton  of  the 
fingcn. 

The  cxtcnwr  communis  however,  receives  it«  wpply  by  neveral  twigs 
corrcftponding  to  the  different  muscular 
fasciculi. 


Fir.  61. 


Fir..  6],— DiiscK-ialril  paralyii*  of  thr  rxtcnxir 
t'ommtini*  iliKitoriiin.  Integrity  of  the  rx- 
tcnior  of  the  middle  finger. 


M<;.  6+. — DUiucialril  (iaraly»i»  of  the  extensor  communis  iligitoriim.     Integrity 
iif  the  extensor  of  the  middle  finKer. 

The  extensor  fasciculus  to  the  middle  finger  may  be  untouched  whilst 
the  underlyitig  fibres  arc  affected,  and  we  find  extension  of  the  middle 
finger  persisting  when  the  other  extensors  are  paralysed. 
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VII MUKUUV^PIRAL    PAKALVm  MI/>W  TM«    ExrRNM>R   CoMMUNIt 

DllilTOKUM 

Below  the  branchc*  intended  for  the  cxtenior  cnminunn  d;^itorum,  a 
twig  of  which  aliiKMt  always  lerminatet  at  the  extcn«or  of  the  little  finger, 

the  pokicrior  branch  of  the  muxculo-tpiral 
•upplie*  the  exten«or  oiwi*  mctacarpi  pollicis 
the  long  and  »hort  extenton  of  the  thumb 
and  the  extennor  indici*. 


Fio.  *6.— Pinlyiit  o»  the  cjicnaort  tit  ihf  Ihiimh 
by  wciunil  it  thr  middle  thini  of  (orfarni. 

Consequently  we  may  have  isolated  paralysis  of  these  muKles  from  a 
lesion  of  the  muaculo-spiral  at  the  middle  of  the  fore-arm. 

VIII. — Dissociated  Paralysis  of  the  Mi'sci'lo-spiral 
Partial  fascicular  lesions  of  the  musculu^pira!  arc  rare.     However,  wc 
meet  with  certain  cases  which  occasion  dissociated 
paralysis. 

Wc  may  quote  two  types  of  these 
lesions — 

I.  The  musculo-spiral  nerve  crushed 
by  a  bony  fragment  of  the  humerus, 
level  with  the  furrow  of  the  biceps, 
seemed  to  present  symptoms  confined 
to  its  inner  part.  There  was  absolute 
paralysis  of  the  extensors  .md  extensor 
carpi  ulnaris,  along  with  complete  RD  ; 
on  the  other  hand,  the  supinator  longus 
and  the  radial  extensors  h.id  retained 
some  voluntary  movements,  very  slight 
faradic  excitabih'ty  without  galvanic 
polar  inversion  and  also  without  slow 
contraction. 

The  modified  ojieratioti  performed 
on  this  nerve  was  followed  by  a  rapid  return  of  the  functions  in  the  case 


Fif;.  67. — Dissot'iatnl    paralysli  trf'  thr 

muM-iilo-tpinil,    not     alfcctint;  the 

•iipinator  longus  anil  the  radial  ex- 
leniora. 
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of  the  supinator  lon|{u»  and  the  rxh.il  .-Mtenton,  whiUt  paralyti*  of  the 
extenion  anil  of  the  extcnior  carpi  uliiario  |ientiiiteil  three  montht  after  the 
operation. 

a.  In  another  casic  the  inuM;ulo><ipirr'  wat  bruiied  on  the  external 
surface  of  the  humerus  the  contunion  .pparently  involving  only  the 
piMterior  and  external  part  of  the  nerve. 

There  wa»  found  to  be  complete  paralysiii  of  the  supinator  longus  and 
the  rrJiai  extensors  with  considerable  atrophy  and  a  complete  reaction  of 
degeneration,  whiUt  the  voluntary  mobility  of  the  rxtenMir-i  of  the  fingers 
wa*  fully  retained  along  with  normal  electrical  reactions. 


til..  «»,— 1  ..•  oil  iht  fxlenial  mrtacc  i.t  thi-  arm;   diiMK'iatol  paralyiin  of  the 

iiiiiM'ulo.api.a  ,  .iicgrity  of  the  rxtciiotri  i  paralyiii  of  iht  railial  fxii  nn.rt  and  of  ihe 
•iipinator  longin.  No  o|>i'nilioii  j  prriitieiu'r  of  lhi»  paralyiis  Ihii-r  munthi  after 
th'.-  hntexiinlnation.  Thr  (uiienf  i<  |>luit<igra|iheil  jml  ai  hr  in  extcmlinK  hii  lingera, 
uiiially  flcxtil  ill  an  atiiimlc  of  n 

Thus  there  would  appc.  "  .xist  in  the  musculo-spiral,  .is  in  all  the 
other  nerves,  a  fascicular  topography.  It  is  somewhat  difficult  to  deter- 
mine it  precisely,  mainly  perhaps  on  account  of  torsion  of  the  nerve,  which 
at  each  stage  modifies  the  [Wsition  of  the  different  fasciculi. 

But  still  it  must  be  admitted  th.it  we  find  :  on  the  outer  side,  .ind 
from  front  to  Kick,  the  anterior  cut.incous  branch,  the  supinator  longu«, 
the  radial  extensors;  on  the  inner  side,  from  front  to  back,  the  extensor 
carpi  ulnaris  am!  the  muscles  of  the  thumb,  the  extensor  communis,  the 
supinator  brcvis.    (J.  and  A.  Dejerine  and  Mouzon.) 

According  tj  MM.  Pierre  .Marie  and  Meige,  we  find  the  extensors  of 
the  wrist  on  the  inner  side,  the  extensores  digitorum  within  and  behind, 
the  supinators  on  the  outer  side. 
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FORMS  OF    MUSCULO-SPIRAL   PARALYSIS  ACCORDING  TO  THE 
NATURE  OF  THE  LESION 

I. — Syndrome  of  Compression 

This  is  characterised,  especially  in   musculo-spiral  paralysis,  by  partial 
preservation  of  muscular  tone  for  a  long  period. 


Fig.  69. — Simple  rompnssiun  of  the  tnuH'tilo-spiral  ;  paralysis  "a  triKorr." 
Persistence  of  muscular  lone. 

The  droop  of  the  hand  is  slight,  very  little  if  at  all  more  pronounced 
than  in  the  position  of  simple  muscular  repose. 

If  we  press  on  the  h.ind,  we  may  intensify  the  flexion  ;    if  we  cease 


Fig.  70.— Compression  of  the  musculo-spiral  in  callus.     I'crbiklciiii  ot 
muscular  tone. 

pressing,  the  hand  is  seen  to  resume  its  original  attitude,  as  a  result  of  the 
muscular  elasticity. 

In  the  long  run,  however,  we  find  hypotonia  becoming  pronounced, 
and  the  hand  a»uiniiig  tlie  attitude  of  complete  interruption. 
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With  the  conservation  of  tone  is  associated  the  relative  absence  of 
muscular  atrophy,  the  incomplete  character  of  the  RI),  and  the  persistence 
of  a  slight  degree  of  muscular  sensation. 

It  is  in  slight  cases  of  compression  of  the  musculo-spiral  that  we  m:iv 
sometimes  find  by  electrical  examination  the  paradoxical  preservation  of 
faradic  contractility  of  the  nerve  and  muscles  below  the  lesion. 

The  prognosis  of  these  forms  is  particularly  benign  ;  the  cure  comes 
about  s|iontaneously  in  a  few  weeks,  being  accelerated  b)  electrical  treat- 
ment. 

II. — Syndrome  ok  Interruption 

In  complete  interruptions,  on  the  other  hand,  we  find  that  muscular 
atony  rapidly  appears  and  becomes  more  marked. 


Ki(i.  71.— Complete  section  of  the  mimulo-spiral  (a  separation   of  3  im.  belwecn   tlie 
two   segments)    at    the    .ipper    part  of  the  furrow  of  the  biceps.     Hypotonia  very 


pronounced. 


lu:,  72.— -Lonipletc  imerruptiou  ot  the  nuisiulo.spiral,  by  conipnsM.in  by  lalhis 
in  a  Iracture  ot  the  humerus.     Hypotonia  very  pmnouneeil. 


ill 


ill 
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The  droop  of  the  hand  at  the  wrist  is  complete  :  pressure  on  the  back 
of  the  hand  docs  not  intensify  this  attitude  nor  is  it  followed  by  an  clastic 
return  to  the  normal  attitude. 


KiG.  7j.— Complete  interruption  of  the  musculo-spiral,  nine  months  previously 
Cri.»hmg  o»  the  ner%e  ami  involvement  in  callus  of  fracturetl  hunicnis.  Extre.ne 
hypotonia. 

On  the  other  hand,  atrophy  of  the  muscle  and  RD  rapidly  appear  ; 
muscular  analgesia  is  complete. 


Fig.  74.— Section  of  the  musculo-spiral  on  the  outer  surface  ot  the  humerus.     Complete 
hypotonia.     (In  this  case  there  also  exists  a  very  slight  ulnar  griffe.) 

No  great  reliance  must  he  placed  on  the  fixity  of  an.csthesia,  for  it  is 
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well  known  that  atiiesthesia  may  be  extremely  reduced  in  musculo- 
spiral  paralysis. 

Still,  in  spite  of  the  slight  inportaiict  of  sensory  disturbances,  on 
pressing  the  nerve  at  the  level  of  the  lesion,  it  is  always  found  that 
formication  manifests  itself  on  the  dorsal  surface  of  the  thumb  and  of  the 
second  metacarpal. 

Muscular  hypotonia,  after  some  months  of  complete  interruption,  may 
reach  an  extreme  degree  :  the  articular  lig.iments  relax,  the  tendons 
lengthen  ;  flexion  of  the  hand  re.iches  an  .ingle  of  90  and  even  more  ;  the 
hand  no  longer  simply  flexed,  it  is  hanging  loose ;  the  flexor;  have 
end'-  by  losing  all  action  and  now  exhibit  functional  inertia  from 
disuse,  which  in  certain  cases  might  make  one  think  they  were  paralysed, 
had  they  not  retained  their  normal  electrical  reactions. 

III. — Syndrome  01   Nerve  Irritation 

Nerve  irritation  in  the  musculo-spiral  nerve  is  very  frequent,  and 
important  to  investigate,  for  it  involves  a  somewhat  serious  prognosis  by 
re.-ison  of  the   tendon  adhesions  and  articular  limitations  which   it   pro- 


Fk,-.  75.— Nerve  irritation  of  the  inuK'ulo-spiral.  Droop  of  the  hand  less  iironounixil 
E~;ep«ion  of  tne  fingers  by  contraction  of  the  extensors  ami  adhesion  of  their  tendon 
to  the  dorsal  surface  of  the  hand. 


I. 
tns 


duces.     Still,  it  is  often  disregarded,  a>  it   is  un.iccompanied  by  the  .icute 
intolerable  pains  which  char.icterise  neuritis  in  other  nerves. 

The  musculo-spiral,  we  must  repeat,  is  but  slightly  sensory  ;  its  irri- 
tation consequently  is  not  expressed  by  the  painful  syndrome  of  neuritis 
in  the  ulnar  and  especially  the  median.  The  nerve  is  .-it  most  slightly 
sensitive  ;  the  point  where  the  posterior  branch  crosses  the  neck  of  the 
radius  is  found  to  be  particularly  painful  to  pressure  ;  the  antibrachial 
muscular  masses  arc  somewhat  tender  if  pressed  ;  ocL-asionallv  we  find 
slight  hyper-iesthesia  of  its  cutaneous  region. 


122 


NERVE  WOUNDS 


But  whilst  seiiMry  disturbances  are  reduced  to  these  scattered  mani- 
festations, trophic  disturbances,  on  the  other  hand,  arc  very  important. 


^  i'\-76—fifr\e  irritation.     Ttndency  In  hyi>er.extcn»ion  of  the  Hrst  phalanges.     Con- 

sicltranle  h'lnitatiun  of  flexiun,  active     -  -  "  ■  ■ 

flexiun. 


t"  •171'^i'cxieiiiiiuii  or  ine  nrst  pnaianges.     L-on- 
or  (lassive.     Acute  pains  caused  by  attempts  at 


The  attitude  is  diflFerent ;  the  droop  of  the  hand  is  less  pronounced, 
flexion  of  the  wrist  is  diminished  by  fibrous  adhesion  of  the  tendons  and 

contraction  of  the  extensor  n-uscles 
which  are  sometimes  felt  to  b'  ndu- 
rated,  infiltrated,  and  painful  under 
pressure.  No  longer  have  we  the 
half-flexed  fingers  usu.il  in  musculo- 
spiral  paralysis  ;  they  remain  extended 
on  the  hand,  held  in  place  by  their 
contracted  tendons. 

Adhesion  of  the  extensor  tendons 
to  the  dorsal  surface  of  the  carpus  and 
fingers  is  such  that  it  considerably 
limits  or  even  makes  impossible  flexion 
of  the  fingers,  whether  active  or 
passive.  Even  if  pressure  be  exercised 
on  the  dorsal  surface  of  the  hand,  the 
attitude  of  the  rigid  fingers  may  be  seen 
intensified  in  hyper-extension. 

The  aspect    of  the   hand    is  cha- 
racteristic :    fibrous    infiltration  of  the 
dermis,  desquamation  of  the  epidermis 
in  fine  scales,  adhesion  of  the  skin  on  the  dorsal  surface  of  the  fingers  and 
partu-ularly  at  the  level  <,f  the  first  digital  articulations,  disap,H.-arante  of 


Kic.  77. — Nerve  :rritation.  Sponta- 
minis  hypcr-extension  of  the  hnttcrs. 
Impossibility  of  Hexiun. 


I 
lift 
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the  cutaneous  creases,  swelling  of  the  digital  articulations  orrathcr  tapering 
of  the  fingersare  very  pronounced , 
they  sometimes  recall  the  appear- 
ance of  chronic  blennorrhagic 
rheumatism  or  of  certain  types 
of  arthritis  deformans.  The 
nails,  however,  arc  simply  curved, 
far  less  affected  than  in  neuritis 
of  the  median  and  the  ulnar. 
For  it  is  known  that  dorsal 
innervation  of  the  last  phalanges 
is  mainly  supplied  by  the  palmar 
nerves. 

All  these  disturbances  not 
only  exist  on  the  first  fingers,  in 
the  cutaneous  region  of  the 
musculo-spiral,  they  ey.end  to 
the  entire  hand  and  fingers,  being 
pronounced  in  the  case  of  thumb, 
index  and  middle  fingers.  This 
inclines  one  to  think  that  they 
are  due  mainly  to  irritation  of 
the  posterior  branch  of  the 
musculo-spiral,  which,  as  we  know,  is  distributed  over  the  five  interosseous 


KiG.  78. — Ni-rve   irrllatiun. 
of  the    lingers   caused    by 
ilorsal  surface  of  the  hand. 


Hyper-exlensioii 
pressure  on    the 


M  J 


m 


i 


h  u:  71;.— Nerve  irritation  ot  the  iniiseido-spiral.  (In  this  case  the  wound  is  loratc.l  at 
the  middle  thiril  ot"  the  fore-arm.)  No  nuiBculo-spiral  paralysis,  except  slight  neaken- 
inf;  ot  the  extensors  ot  ihumt)  and  index  tinger.  Severe  irritative  lesions  in  the 
hand.  Sm.h.ihncsM  and  fibrutis  infiltration  ot  the  kkiii,  rlnidii>  ul  ihe  liners  and 
tendon  adhesions.      It  is  impossible  to  flex  the  (ingers. 
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spaces.  Moreover,  one  may  sec  all  the  trophic  disturbances  of  neuritis  of 
the  musculo-spiral  in  isolated  wounds  of  the  posterior  branch  of  the 
musculo-spiral,  in  the  fore-arm,  even  at  its  lower  part  or  almost  at  the 
wrist,  below  all  its  motor  branches. 

Neuritis  of  the  musculo-spiral  is  particularly  serious  on  account  of  its 
consequences  j  for,  even  after  healing,  when  the  muscles  have  lost  their 
fibrous  consistence  and  regained  their  functions,  we  find  the  persistence 


Fig.  «o.-Neiinti8  ut  the  inusci.lo.spiral,  healed  three  month,  previou.ly.  All  the 
movement,  have  reappeare.1,  atrophv  ha.  le..en«l,  the  pain.  have\li«.ppeare.l.  After 
three  mon  h.  of  maswgc  ami   mof,ili5ati<m,  however,  flexion  of  the  finger.  i>  M\ 

7n[Z'^^"",      '^"y"  tT«"''''»y  ",»  atumptedi  the  exre„«,r  L"on,  are 
n.ted  to  the  dorsal  surface  «t  the  metacarpal. an.l  the  .ligital  articulation..    Mobili.a- 
tinn  of  the  hngcr.  1.  extremely  painful. 

of  flexion  of  the  hand  and  fingers  resulting  from  adhesion  of  the  tendons 
united  to  their  synovial  sheaths  and  from  the  fibrous  infiltration  of  the  peri- 
articular tissues  ;  these  fibrous  sequela-,  refractory  to  mobilisation  and 
massage,  continue  for  months  and  years ;  they  may  constitute  actual 
infirmity,  accompanied  by  almost  total  incapacity  of  the  hand. 


Syndrome  ok  Re(;eneratios 

Regeneration  of  the  muscles  takes  place  from  above  downwards, 
following  the  p.-ith  of  the  axis-cylinders,  unless  a  partial  obstacle  to  the 
regeneration  of  a  nerve  fasciculus  create  a  dissociated  paralysis. 

Then  we  find  the  muscles  successively  resuming  their  movements ; 
supinator  longus,  radial  and  other  extensors. 

Hut  when  paralysis  has  lasted  some  time,  prolonged  flexion  of  the 
hand  pr<Hluces  an  actual  lengthening  of  muscles  and  tendons  This  lengthen- 
ing of  muscles  lasts  for  a  considerable  time,  and  we  find  that  patients,  who 
have    recovered    the   movements  of   their  radial  and  other  extensors  are 
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temporarily  incapable  of  executing  simultaneously  the  movcment^  of  these 
two  muscular  grou|)s. 

"  When  I  wish  to  raise  my  hand,"  says  the  patient,  "  I  cannot  raise 
my  fingers.  When  I  wish  to  stretch  out  my  fingers,  I  am  compelled  to 
bend  my  hand  I "     And,  as  a  matter  of  fact,  the  extensor  tendons,  when 


Flos.Si  and  82.— Impossibility  of  siimiltaiieoiis  txttiisinn  ..t  haiul  aii.i  fJpigcrs.  Two 
attitiulfs  of  the  same  patient  after  recencratlon  of  the  mii«ul<.  spiral  (<livi<te<l  at  the 
external  siirfaie  of  the  arm,  Butureil  on  the  lolh  of  June,  1915.  Photoyraphetl  loih 
December,  1915). 

lengthened,  arc  powerless,  unless  the  patient  stretches  them  by  previous 
flexion  of  the  wrist. 

The  extensors  of  thumb  and  index  are,  as  a  rule,  the  last  to  resume 
their  functions. 

To  assure  oneself  of  the  complete  cure  of  musculo-spiral  paralysis,  one 
may  request  the  patient  to  exleiid  his  hand  in  the  position  adopted  when 
taking  an  oath  or  ask  him  to  stand  at  attention,  his  little  finger  touching 
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the  outer  !»cam  of  the  trouser  leg  ,  any  defect  of  the  musculo-spiral  i. 
indicated  by  the  impoMibihty  of  c«.cting  the  complete  Mipination  thu<» 
called  for.     (Pitres  and  Tcstut.) 


DIAQNOSIS  OF  MUSCULO-SPIRAL  PARALYSIS 

Three  main  cauMM  of  error  must  be  mentioned. 

I.  Destruction  of  the  muscles  of  the  fore-arm,  a  frequent  occurrence 
In  these  cases,  which  are  usually  somewhat  complex,  loss  of  muscular 
substance,  cicatricial  adhesions  and  a  certain  degree  of  functional  inertia 
of  the  traumatised  muscles  are  associated  most  frequently  with  the  nerve 
lesions  in  causing  loss  of  motion. 

Speaking  generally,  there  takes  place  secondarily  a  cicatricial  contraction 


H...  83.- Large  «o„n.  on  the  posterior  .urfaic  of  the  tort-arm.  Ahnost  ...„u,|.,e 
.le,.r.K;t,o.,  ..(the  ra.l.al  extensor,  .-.n.l  of  the  exte.i.or  .-ommunis.  C'i.atririal  .on  a  ■ 
t.on  ot  the  ra.hal  extensors  causing  i,nmobiH,at/on  ot  tl-..-  han.l  in  a  state  ot  ex.en  o, 
Drom,  o»  hngers  .s  complete,  although  »vhat  remain,  ot  the  musele  ha,  retain".,; 
tarailic  excitahihty.  ■■..■"le.i  it, 

of  the  wounded  muscles  which  does  aw.iy  with  the  par.nlytic  attitude 
and  renders  the  extended  hand  motionless. 

2.  Hypotonia  and  lengthening  of  the  radial  extens.)rsand  other  muscles 
by  traum.-itis.n  or  prolonged  mal-position,  or  again,  trauin.itic  lengtheniii.r 
ot  their  tendons.  *^ 

Violent  bruises  and  injuries  of  the  aiitibrachial  muscles,  .,r  even  simply 
—a  still  more  curious  thing— the  prolonged  .tttitude  of  the  hand  in  a  state 
of  flexion,  often  induce  so  pronounced  a  muscular  hypotonia  of  the  radial 
extensors  and  other  muscles  that  the  result  is  very  similiar  to  musculo- 
spiral  paralysis.  But,  though  the  patient  appears  in  the  attitude  character- 
istic of  this  paralysis  though  he  experiences  great  difficulty  in  raising  his 
hand  and  especially  in  keeping  ii  extended,  still,  these  movements  are  possi- 
ble ;  they  nuiy  be  called  forth  by  the  will,  .,r,  if  need  be,  by  faradisation 
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I  hi«  muKular  lengthening  »lowly  improve!)  with  the  use  of  faradina- 
tion,  exercise  and  mauage  j  in  obttinate  ca«c!s  shortening  or  plication  of 
the  tendons  of  the  radial  extensors  may  be  practised.     (Delormc.) 


cxtclT'"  7!""^''''":.»''«'  ""''hing  or  section  of  the  tc„d..ns  of  the  radial 
.md  the  Nimc  difficulty  in  extension  of  the  hand. 


K.o.  S6._Wou„d  o„  domi  surface  „t  ,hc  wri«  ,vi,h  r„„,u,ion  and  len^thenin. 
of  the  tf„.|„n,  „f  ,he  ra.lial  extensors.  "nS'nening 

rhei;  ">7" "'  P;''"'y*'*  "f  the  hand  almost  always  presents  itself  under 
the  guise  of  musculo-spiral  paralysis. 
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It  IS  soon  seen,  however,  that  flexion  ii  impoMiblc,  jiut  m  extension  is. 
The  persistence  of  electrical  reactions  iegmcntary  ana-sthcsia,  the  mental 
state  of  the  subject,  the  disproportion  between  wound  and  paralysis,  even 
absence  of  any  wound,  readily  enable  a  diagnosis  to  be  made. 

Still,  wc  must  not  trust  to  electrical  examination  alone,  for  it  often 
happens  that,  in  musculo-tpiral  paralysis  «  frigtrr,  as  a  result  of  com- 
pression during  sleep,  the  muscles  have  retained  their  normal  electrical 
reactions.  This  is  the  paradoxical  phenomenon  described  by  Erb.  It 
would  appear  that  nerve- compression,  sufficient  to  interrupt  the  voluntary 
nerve  impulse,  is  not  sufficiently  pronounced  to  cause  degeneration  of 
the  axis-cylinders.     The  latter  continue  normal  below  the  lesion  ;  the 


!>>  th.   kirk  ..t  a  horse.     Lcngthenms  ot  the  tciiilons.     Altifi.lf  o»  mu»nilo.»i.ir«l 
Ihoiiirh  at  the  cost  of  i-i>nsi<li'rablc  effiirt.  '    "'   '  • 

nerve  and  musck-s  klow  the  lesion  h.ive  retained  their  normal  electrical 
auctions ;  nevertheless,  volunt.iry  paralysis  is  complete,  the  supinator 
longus  docs  not  contract  with  the  hiceps.  Finally,  electrical  stimulation 
of  the  nerve  at  the  upper  part  of  the  arm  causes  contraction  of  the  triceps 
but  produces  no  movement  whatsoever  of  the  antibrachial  muscles.  Thus 
a  slight  compression  arrests  the  nerve  impuls.-  as  does  electrical  excitation, 
without  interrupting  the  trophic  action  of  the  nerve  cells  in  the  cord  on 
the  peripheral  axis-cylinders. 

This  is  important;  ignorance  of  the  fact  would  expose  one  to  the  risk 
of  reiiarding  as  functional,  musculo-spiral  paralysis  resulting  from  com- 
pression, although  the  rapid  cure  of  these  slight  compressions  within 
a  few  weeks  their  motor  character  .ind  the  sip,  of  the  supinator  longus 
enable  them  to  be  easily  recognised. 
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TREATMENT. 

\t.io1:r!JT  '*"  "T»*""^  "'•*■'  *«  -""y  hold  common  to  .11  ...rvc 
l-ons  ...  the  cnu-  of  muKulcpiral  par.ly.is  w«  mu«  i„.,„  1^111 
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The  application  of  rubber  hindt  or  tpring*  to  the  fint  phalangci  will 
permit  of  cxicnkion  of  the  fingers. 

To  obtain  elevation  of  the  (ir»t  phalanx  ix  lufficient,  »ince  the  la«  two 
are  extended  by  the  intcroMwi. 


Fi(i.  »o.— Hinged  lupiHirt  >lluwini(  the  haml  lo  be  mainlainnl  in  ihr  iloiml  nutiiion  by 
altrnnK  the  iniclc  with  the  fuiv-arm.  Ahiminiuni  iiilint  l<xe>l  \<y  bn«i.l  leather  armlet 
to  the  tore  arm.    (Apparatut  of  Pierre  Matie  ami  Meige.) 


k'  »,'•— ^P""K  ^ppl'ii'.e.  intcmlcil  to  correct  incapacity  i.f  the  extcnior  iiumiei  ot  the 
haml  and  finger,  m  mimnilo-ipiral  pmlytii.  The  aj>paratti>  i.  fa.ieiK.I  to  the  »-.«  arm 
l>y  a  K.nK  leather  armlet.     It  permit!  ot  flexion  of  Hnger.  and  hand  (which  are  pre- 

rri„  h',  .K  T""'"  "*  fj""  b<in»  KratH-  A  leather  ring  Hxe.1  to  a  >pring 
Iteepi  the  thumb  apart.     (Apparatu.  ot  Hierre  Marie  and  Meigc.) 


^\ll;Zu        r,  ^'"'l  ^'"",'""'  *""!"  *""'"■•  «PP»ra«"»).     A  .teel  plate  forming 

e«en,onof  the  finger,  by  tract.on  on  leather  ring,.     With  this  anna,at..^  patient, 
are  able  to  write  ami  to  roll  cigarette,.  if""  y*"^"" 

All  these  appliances  not  only  enable  a  patient  to  use  his  hand  and 
fingers  and  thus  avoid  weakenin?  of  the  flexors  through  in.iction,  they  also 
do  away  with  muscular  lengthening  from  the  prolonged  flexed  position. 
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CHAPTER   VII 


ULNAR  NERVE 

ANATOMY 

The  ulnar  nerve  is  supplied  from  the  lower  roots  of  the  brachial  plexus 
(eighth  cervical  root  and  first  dorsal). 

It  is  given  off  from  the  inner  cord  of  the  plexus  along  with  the  inner 
head  of  the  median,  a  little  beyond  the  internal  cutaneous  and  the  lesser 
internal  cutaneous. 

It  traverses  the  axilla  and  descends  to  the  inner  side  of  the  arm,  behind 

the    median    nerve    and   the   brachial 

artery.     It  is  closely  united  with  them 

as  far  as  the  lower  third  of  the  arm ; 

this    is    why  we    so    frequently    find 

associated,  at  this  level,  lesions  of  the 

median,   the   ulnar  and    the   brachial 

artery.    The  internal  cutaneous,  which 

is   more  superficial,  descends   internal 

to   and   in   front  of 

the     neuro-vascular 

bundle. 

Starting  at  the 
lower  third  of  the 
arm,  the  ulnar  sepa> 
rates  from  thcneuro- 
vascular  bundle,  per- 
forates the  internal 
intermuscular  sep- 
tum, passes  into  the 

Fk.s.  95  .nH  96.-Coursc  ot  ulnar  and  median  (.liagrammati.).    '^^^^I  ^  ^I^Paft- 

'     ment  of  the  arm  and 
then  into  the  epitrochlear  gniove. 

In  the  fore-arm  it  passes  round  the  inner  side  of  the  elbow  to  reach 
the  anterior  region  of  the  fore-arm.  It  passes  under  the  flexor  carpi 
ulnaris  and  then  descends  along  its  external  edge  resting  on  the  flexor 
profundus,  and  covered  by  the  epitrochlear  muscles  and  the  superficial 
flexor. 
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It  thus  descends  along  the  flexor  carpi  ulnaris  right  to  the  pisiform  • 
It  IS  here  confined  in  the  carpal  canal,  of  which  it  occupies  the  inmosi 
part. 

At  this  level  it  gives  off  its  two  terminal  branches- 
Superficial  palmar  branch  (sensory). 
Deep  palmar  branch  (motor). 

Motor  Branches 

The  ulnar  supplies  no  branch  whatsoever  to  the  arm. 
To  the  fore-arm  it  supplies — 


Mus.  cut.  N. 

N.  lo  coraco-brach , 

Int.  cut. 


Br.  to  bracli.  amicus. 


Anutom.  with  median  and 
inusculo-cutan. 


Mus.  cut.  N. 

Mus.  spir.  N. 

Mus.-spir.  (ext.  br.) 


Br.  to  biceps. 


Median  N, 


Ulnar  N, 


Int,  cut.  (ant.  br.) 


Anterior  aspect. 
Ki(,.  97.— Deep  nerves  of  the  arm  (alter  Sappey). 

1,  The  nerve  twig  to  the  flexor  carpi  uln.iris. 

2.  Two  motor  branches  for  the  two  intern.il   fasciculi  of  the  flexor 
profundus  digitorum. 

To  the  hand.     The  deep  palmar  branch  alone  is  motor. 
It  supplies — 

1.  Three  nerve  twigs  destined  for  the  three  muscles  of  the  hypothenar 
eminence ; 

2.  The  nerves  destined  for  all  the  interossei,  both  palmar  and  dorsal ; 
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its  internal  branch. supplies  the  digital  collateral  twig  to  the  inner  side  of 
the  httle  finger.  Its  external  branch  supplies  digital  collateral  twigs  to  the 
contiguous  sides  of  the  little  and  ring  fingers. 


Supinator  longui, 

Mii»c.-»|>iral  N.  (|>ost.  l>r,)' 
Mu9c.-5piral  N 
Ext.  rarp.  radial,  lungior! 
Railial  N. 


Teiulon  superfir.  flexor 
Ext.  carp,  radial,  brevier 

Radial  artery 

Meilian  N. 


Median  N, 


Pronator  radii  lerei 
Brarhial  artery 


Flexor  carpi  radialii 
Flexor  carpi  ulnarit 

Ulnar  N. 
Ulnar  artery 


Supinator  longut 
Pronat,  quadrat. 


Flexor  cjrpi  radiali 
Op|ionens, 


Interou.  N. 
•Ulnar  N.  (dors,  br.) 

Mctlian  N.  palmar,  cut.  br. 

Ulnar  N.  (deep  br.) 
Ulnar  N.  (sup.  br.) 
Opponeus. 


Anterior  as})eit. 
Fir..  yR.— Deep  ner>e»  of  fore-arin  aii.l  hand  (after  Hirsihfeld). 

3.  The  nerves  destined  for  the  adductors  of  the  thumb  and  for  the 
inner  head  of  the  flexor  brcvis  jToUicis. 
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Sensory  Branches 

In  the  hand,  the  superficial  palmar  branch  is  exclusively  sensory. 

Its  internal  branch  supplies  the  digital  collateral  twig  to  the  inner  side 
of  the  little  finger,  its  external  branch  supplies  digital  collateral  twigs  to 
the  contiguous  sides  of  the  little  and  ring  fingers. 

In  the  fore-arm  the  ulnar  supplies — 


'.lUH-iilu-spiral  N.  ) 
(Ext.  branch)  i 


Musculo-ciitaneous  N. 
(post,  branch) 


Raitial  nerve 


Miisciilo-splral  N.  ' 
(collat.  branch)  i 


Inter,  cut.  (post,  brach.) 


Inter,  ciit.  (ant.  brach.) 


Ulnar  N.  (ilorsal 
f  branch) 


Posterior  view. 
Fig.  99.— Superficial  nerves  of  fore-arin  ami  ham)  (after  Sappey), 

1.  The  branch  to  the  ulnar  artery  which  begins  at  the  middle  third  of 
the  fore  arm,  follows  t^c  ulnar  artery,  becomes  subcutaneous  at  the  level 
of  the  wrist  and  goes  vn  to  supply  the  skin  of  the  inner  side  of  the  wrist 
and  of  the  hypothenar  region  ; 

2.  The  dorsal  cutaneous  branch  of  the  hand  begins  at  the  middle  third 
of  the  fore-arm,  passes  over  the  inner  border  of  the  ulna,  and  becomes 
dorsal ;  it  distributes  itself  over  the  skin  of  the  dorsal  region  of  wrist  and 
hand.     On  its  inner  side  it  supplies — 
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The  dorsal  digital  collateral  of  the  little  finger ; 

The  dorsal  digital  collateral,  of  the  little  finger  and  the  contisuous 
margin  of  the  ring-finger;  *" 

The  digital  collateral  of  the  outer  side  of  the  ring-finger  and  the  con- 
tiguou*  margin  of  the  middle  finger. 

It  must  be  observed  that  ihe  donal  collateral  nerves,  supplied  by  the 
ulnar,  become  spent,  as  do  those  supplied  by  the  musculo-spiral,  tovvards 
the  extremity  of  the  first  phalanx.  It  is  the  palmar  collaterals  which 
supply  the  dorsal  surface  of  the  last  two  phalanges. 

Still,  an  exception  should  be  made  for  the  little  finger,  supplied  as  far 
as  us  extremity  by  the  dorsal  collaterals  of  the  ulnar,  just  as  the  thumb  is 
supplied  nght  on  to  its  extremity  by  the  dorsal  collaterals  of  the  radial. 

Vaso-motor,  Trophic  and  Articular  Branches 
The  ulnar  supplies  twigs  to  the  articulation  of  the  elbow,  to  the  ulnar 

artery,  to  the  articulations  of  the  carpus,  to  the  palmar  aponeurosis  and  to 

the  interosseous  spaces. 

We  shall  find  that  the  trophic  r61e  of  this  nerve  is  important. 

PMYSIOLOQY  OF  THE  ULNAR  NERVE 

Motor  Syndrome  of  Ulnar  Paralysis 
The  ulnar  nerve  supplies  : 

I.  The  flexor  carpi  ulnaris  and  the  two  internal  fasciculi  of  the  flexor 
pronindus ; 

2.  The  muscles  of  the  hypothcnar  cmi- 
nence ; 

3.  All  the  interossei  and  the  inner  two 
lumbricales  ; 


Anterior  surface.  riisteriorTsiirfao 
Fiirc-arni. 


Aiilciior  surJace.  Posterior  siirfacr  • 

:=^  Hand. 

t'lu.  100.— Motor  supply  of  the  ulnar. 


4.  The  adductors  of  the  thumb,  and,  partially,  the  short  flexor  of  the 
thumb  (iniKTjhead). 


ULNAR  NERVE 


»37 


I.  The  flexor  carpi  ulnaris 
is  at  the  same  time  a  flexor  of 
the  hand  on  the  fore-arm  and 
an  adductor  of  the  hand. 

If  it  is  paralysed,  flexion 
of  the  hand  remains  possible 
through  the  flexor  carpi  ra- 
dialis  and  palmaris  longus 
(median  nerve),  but  in  this 
movement  the  tendon  of  the 
flexor  carpi  ulnaris  is  no  longer 
felt  to  contract. 

Adduction  of  the  hand  is 
also  possible  by  the  extensor 
carpi  ulnaris  (musculo-spiral 
nerve),  but  it  is  greatly  weak- 
ened and  is  accompanied  by 
hyper-extension  of  the  hand. 

In  the  normal  state,  the 
tonicity  of  the  flexor  carpi 
ulnaris  produces  a  slight  in- 
clination of  the  hand  to  the 
ulnar  side ;  its  paralysis  pro- 
duces a  slight  inclination  of 


flexor  Hiblimis 


^Crossing  of  Icntlinoiis 
Hbrcs. 

flex.  |irofuntl. 


sub. 


prot'. 


Fir;. 


102.— Aclion  ot  flexor  iirotiin.l.js  fn  a  patient  suffering 
from  paralysis  of  the  me.fian,  accompanied  by  a  certain 
degree  of  articular  rigidity  of  the  fingers  oftering  some  resist- 
anccto  flexion.  The  strong  contraction  of  the  flexor  pro- 
hmdus  ciuw,  pruihtrily  flexion  of  the  last  phalanges  of.the 
two  inner  hngers.  °  - 


.   -Flexor   tendons  and    their   insertions. 

The  superficial  flexor  is  inserteil  into  the  second 
phalanx,  the  flexor  profundus  into  the  third. 


the  hand   towards 
the  radial  side. 

2.  Paralysis  of 
the  two  inner 
heads  of  the  flexor 
profundus  is  shown 
only  by  diminished 
flexion  in  the  last 
two  fingers. 

It  will  be  re- 
marked that  flexion 
of  the  second  pha- 
lanx on  the  first 
is  easily  brought 
about  (action  of 
the  superficial 

flexor  inserted  into 
the  second  plia- 
lanx).  On  the 
other  hand,  flexion 


i'it 
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Flo.  103. — Action  of  the  inler- 
oi»fi  J  flrxion  of  the  first 
phalanx,  extension  of  the  last 
two  phalanges. 


of  the  last  phalanx  on  the  second  only  takes  place  in  the  case  of  the  last 
two  fingers  (action  of  the  flexor  profundus  inserted  into  the  third  phalanx). 
Complete  flexion  of  the  fingers  is  still  possible,  in  spite  of  ulnar 
paral^rsis.  If  it  is  weakened,  this  is  not  so 
much  from  lack  of  contraction  of  the  flexor 
profundus  as  from  paralysis  of  the  intcrossei, 
which  arc  the  true  flexors  of  the  first 
phalanges  on  the  metacarpus. 

3.  MoKlet  of  the  hypothenar  eminence. 
— Paralysis  of  these  muscles  is  indicated  by 
atrophy  of  the  hypothcnar  eminence  ;  by 
the  disappearance  of  the  vertical  puckering 
of  the  skin  produced  by  the  palmaris  brevis  ; 
by  loss  of  the  appropriate  movements  of  the 
little  finger  produced  by  the  abductor,  the 
flexor  brevis  and  the  opponens  minimi 
digiti. 

4.  Interoueooi  mniolet.— All  the  in- 
terossei,  both  dorsal  and  palmar,  are  supplied 
by  the  ulnar. 

Their    paralysis    is    by    far    the    most 
striking  change  prc'uced  by  I.sions  of  the 
ulnar,  for  their  role  is  most  important. 
I.  The  interossei  are  flexors  of  the  first  phalanges  nn  the  metacarpus 
and  extensors  of  the  second  and  third  phalanges  cii  tiic  first. 

In  ulnar  paralysis,  if  we  request  the  patient  to  flex  his  fingers,  we 
note  that  flexion  of  all  the 
phalanges  is  not  simultaneous. 
The  action  of  the  intcrossei  — 
flexors  of  the  first  phalanx — is 
totally  absent  ;  flexion  first 
takes  place  in  the  last  two 
phalanges,  then  the  first  phalanx 
is  flexed  as  though  by  progres- 
sive rolling  up  of  the  fingers, 
by  traction  of  the  flexor 
muscles.  At  this  last  stage, 
however,  flexion  is  very  weak. 
Isolated  flexion  of  the  first 
phalanges,  with  extension  of 
the  last  two,  is  impossible. 

The  lumbrlcalcs  muscles,  however,  of  the  index  and  the  middle  finder 
(median  nerve),  may  partially  supply  or  make  good,  for  these  fingers,  the 
action  of  the  intcrossei  ;  they  are  capable  of  flexing  feebly  the  first 
phalanx  of  these  fingers  and  of  extending  the  last  two. 


°4.— The  palmar  interossei  are  aildiictnrti 
of  the  fingers. 
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2.  The  palmar  intcrossei  arc  adductors  of  the  fingers. 

The  dorsal  interossei  arc  abductors  of  the  fingers. 

Consequently,  the  paralysed  subject  can  neither  separate  his  fingers  nor 
bring  them  together. 

This  statement,  however,  ad- 
mits of  several  limitations.  Ob- 
servation of  these  disturbances  is 
difficult  and  requires  niuch  care  ; 
if  certain  precautions  are  not 
taken,  one  m.iy  altogether  misin- 
terpret an  ulnar  paralysis,  masked 
as  it  is  by  substituted  movements. 

Indeed,  the  extensor  com- 
munis digitorum  (musculo-spiral 
nerve)  is  also  an  abductor.  The 
patient  may  therefore  separate  his 
fingers  with  his  extensors,  but 
forcible  extension  of  the  fingers 
is  also  noticed. 

On  the  other  hand,  the  flexors  of  the  fingers  arc  adductors :  conse- 
quently the  patient  may  draw  together  the  separated  fingers,  on  condition, 
however,  that  he  flex  them  slightly. 

Lateral   tr.jvements   by   the   interossei   arc  accompanied   ncithti    by 


Fig.  io«. — The  dorsal  internnKi  arc 
amiiictors  of  the  tingert. 


F  IG.  106.— Ulnar  paralysis ;  aWuction  of  the  fingers  is  still  possible  bv  the  anion  of  iht- 
extensors  (musculo-spiral  nerve).  The  projections  prmliice.l  l.y  contraction  ot  the 
extensors  are  clearly  seen. 

extension  nor  by  flexion.  They  must  be  sought  for  by  pl.iciiig  the  lianil 
on  a  table  or  a  plane  surface  and  working  thtm  in  a  strictly  liori/.oiital 
plane. 


;t 
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Even  in  thew  conditions  we  note  that  appraxinuuion  of  index  and 
middle  finger  it  poMible  through  the  action  of  their  lumbricalet  and  the 
extcmor  of  the  index  which  i«  slightly  adductor  j  only  the  last  two  fingers 

cannot  approach  each  other.  This  loss  of 
adduction  on  the  part  of  the  fifth  finger 
is  often  the  only  sign  that  shows  com- 
plete paralysis  of  the  ulnar;  it  is  the 
only  movement  which  cannot  possibly  be 
simulated. 

ft.  ThMUtf  amiiMnoe.— 1  he  ulnar  sup- 
plies entirely  the  adductors  of  the  th  mb, 
and  partially  the  flexor  brevis. 

Paralysis  of  the  adductors  can  easily 
be  discovered.  Apart  from  the  charac- 
teristic atrophy  of  these  muscles  paralysis 
of  the  adductors  is  recc^nised  by  the 
prehension  sign  or  the  thumb  sign  of 
Froment. 

In  order  to  grasp  a  small  object,  a 
sheet  of  paper,  for  instance,  between  the 
thumb  and  the  index,  two  movements  are 
possible.  Either  the  paper  is  firmly  grasped 
between  the  body  of  the  thumb  and  the 
base  of  the  half-flexed  index;  thumb 
and  index  are  closely  applied  over  each  or»-cr,  mutually  fitting  into 
each  other  5  prehension  is  energetic,  resulting  from  the  contraction  of 
the  adductor  of  the  thumb  and  from  the  inner  head  of  the  flexor  brevis 
(ulnar   nerve),— or  the  object   is  taken    between   the  extremity  of  the 


Fig.  107 — Vltat  pvalyiUj  wl- 
(liiclion  of  the  outer  two  hngen 
remaini  ponible  by  the  luinbri- 
ralti.  Adduction  of  the  filth  ii 
impoMible. 


V' 


''"'■m^f;:i^°."'i'°"°L  i"l'  •^"'"'"  '"/°.'-<-">l'  prehension,  in  the  case  of  a  wounded 
man  afflicted  with  lett  ulnar  paralysis.     (Froment,  Prnic  MiJieaU,  1915.) 

thumb.and  that  of  the  index  set  opposite  each  other  to  form  a  sort  of 
pincers,  prehension* is  then  weaker  though  more  delicate  ;  it  is  effected  by 
the  action  of  the  opijonens  (median  nerve)  aided  by  the  flexor  longus 
pollicis. 

In  ulnar  paralysis,  the  latter  type  of  prehension  is  retained  ;  to  it  the 
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patient  almoM  always  haa  recourse.  The  former  type  of  prehention  by 
adduction  is  abolished  or  rather  it  is  very  feeble  j  the  patient  cannot  firmly 
hold  the  paper  which  he 
grasps  and  which  the  slight- 
est traction  causes  to  slip 
through  his  fingers.  This 
is  why  he  usually  has  re- 
course to  prehension  by 
opposition. 

However,  a  slight  de- 
gree of  adduction  is  gene- 
rally retained ;  thanks  to 
the  long  extensor  of  the 
thumb;  but  this  action  is 

feeble,  and  is  then  accom-    Fio.  .o,.-P.imly«.  of  ulnsr  n«v.  mth  contraction 
panied       by     an     obvious       of  the  fingcn  m  ■  itate  of  flexion.    AiMucticm  ot 

extension      and      rotation       IfM*'",'"''  *^^*^  "^'"u  '"if  '"t'J  ^  "'.'  ""''"" 

,,..'*  of  'he  long  cxtenior  of  the  thumb  (miiKtilo-ipiral) 

outwards  of  the  thumb.  which  i>  teen  to  project.    (H.  Clamle,  R.  Dumu 

and  R.  Polak,  Pretu  MtJicalt,  1915.) 


Sknsorv  Distribution— Sensory  Svndrome 

The  sensory  region  of  the  ulnar  is  far  more  definite  and  far 
extensive  than  that  of  the  musculo-spiral.     It  comprises  : 


more 


Fio.  no. — Sensory  region  of  the  ulnar  (diagrammatic). 

I.  On  the  anterior  surface,  the  entire  inner  edge  of  the  hand,  separated 
from. the  region  of  the  median  by  a  vertical  line  passing  through  the 
middle  of  the  ring-finger. 
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fiJlr*"  "*""'  '*'«'•»«««•  upwrJ.  to  the  lower  .nd  inner  part  of  the 

A  On  the  dorwl  .urfiice,  the  entire  ulnar  edge  of  the  hand,  at  far  a. 
to  .  vertical  line  pacing  along  the  middle  of  the  middle  finger 
foreilrm*  "'"''*  "'*'*""'*  *^  centimetre,  on  to  ,he  ulnar  border  of  the 

The  anesthesia  arising  from  action  of  the  ulnar  i.  almo.t  alwap  very 
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»n(l  lont,  he  uyi  i  '•  loiich  " 

ir.1  ,o„.,  he  say,  ,  «  prick.  .  li,,!,  "  (.i,„p,,  hyp„.„,hcia). 
v'>«n"'Uia(frainmalic.) 

As   wc  approach  the  middle  line,  we   notice  rhn  ..   \ 
sensation  and  tactile  hypo-a-sthesia    whTch    hi  ?  "'^  ''"»' 

the  ring-finger  and  dorsaUurface  oJ'thetn  l^T""'  •'''■"  "^'"'^  '*'="  "" 
lapping  by  the  median  nerv!-  '""''"''"  '^"^••■'■'  '^  »  '««""  "^  -"- 

Trophic  and  Vaso-motor  Syndrome 
The  trophic  r.Me  of  the  ulnar  nerve  is  an  im,K,rtant  one 

pan";:;:,-:  T^^^zt^rt^rt^  -- 

appearance  of  ulnar  paralysis  ""^  characteristic 
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Fifi.  I II.— Loion  of  the  ulnar  at  the  tnitlille  part  o»' 
the  forearm.  Complete  interruptiun,  no  iieuritic 
(lisliirbancrB.  Scaly  ile9i|iiamati<in  of  the  skin  in 
the  i-utanruiii  iliitribiitioii  of  the  nerve. 


•poneuroM«— permitting    hypcr-cxteniion    of   the    first    phalanges    and 
abnormal  mobility  of  the  metacarpals  on  one  another. 

Finally,  we  shall  not  insist  on  the  important  trophic  disturbances  which 
accompany  neuritis  of  the 
ulnar.  They  show  that 
trophic  action  does  not 
simply  extend  to  the  inner 
part  of  the  hand,  but  that  it 
may  also  reach  the  entire 
palmar  fascic  as  well  as  the 
synovial  membranes  and 
fibrous  tendon  sheaths  of 
the  flexors  of  middle  finger 
and  index  {  consequently 
going  far  beyond  the  cutan- 
eous region  of  the  nerve. 
This  is  readily  understood 
when  we  remember  the 
course  of  the  deep  palmar 
branch  which  would  seem 
to  play  an  important  trophic  rAlc. 

Simple  suppression  of  the  functions  of  the  ulnar,  in  complete  section  of 
the  nerve,  for  instance,  often  shows  cutaneous  trophic  disturbances  and 
interesting  vascular  changes. 

Very  frequently  there  is 
found  a  state  of  Jrviicss  of 
the  skin  throughout  the  entire 
distribution  of  the  nerve;  it 
is  sometimes  accompanied  by 
a  branny  des«|unmation  or 
even  hy  an  active  scaly  ap- 
pearance, limited  to  the  cuta- 
neous region  of  the  ulnar. 

In  complete  inti-rruptions 
of  the  ulnar,  we  may  find 
ulcerations,  readily  provoked 
by  slight  injuries,  bu.ns, 
chilblains,  galvanic  baths,  etc. 
Their  slow  rate  of  healing  is 
a  sign  of  special  fragility  of 
the  skin  and  of  insufficient  trophic  action. 

Finally  we  often  notice  a  certain  degree  of  redness  or  cyanosis  in  the 
inner  two  fingers  and  particularly  in  the  fifth.  This  appearance  is  some- 
times extremely  pronounced  ;  we  see  the  little  finger  swollen,  shining  with 
a  bright  red  or  a  djirk  violet  tint,  which  would  almost  suggest  a  vascular 


Flii.  1 1 3. — Section  of  the  ulnar  above  the  epitroch- 
lea.  Trophic  ulcers  that  have  appeare<l  ai  a 
rctult  of  a  simple Kalianic  bath,  of  slight  intensity 
(10  to  15  milliamptres). 
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oblitewtion.  These  va«ul«r  di.turb.nc«  .re  chiefly  found  in  thoM  who 
««  prrtl..po»cJ  to  cy.n<»i.  of  ,he  ex.remifie. ,  they  are  really  no  more 
than  a  local  exaggeration,  favoured  by  vaNo-motor  paralyiit. 

We  may  compare  with  ihi»  fact  the  frequency  of  chilWaini  found  n 
preJwpoicd  itubjects  '"  the  distribution  of  the  nerve. 

TYPES  OP  ULNAR  PARALYSIS 

The  ulnar  being  ei«rntially  a  nerve  of  the  hand,  the  diwurbance.  of 
which  are  rarely  manifested  except  in  movemenN  of  the  fingers  there  is 
no  occMHH,  to  examine  in  detail,  a«  in  the  ca«e  of  the  musculo  spiral 
nerve,  the  syndro.nes  resulting  from  lesion  of  the  nerve  at  different  levek 

Whatever  the  ^t  of  the  lesion,  the  poiture  and  the  motor  dh- 
turbanc«  are  approximately  the  same.  The  varioui  syndrome,  result 
mainly  from  the  nature  of  ,he  inquiry,  complete  or  incomplete  inter- 
ruptwn.  nerve  .rn.at.on  or  dissociated  lesion.  In  pacing,  we  will  simply 
iruJicate  the  shght  d.lfcrenccs  which  distinguish  injuries  .,(  the  nerve 
above  the  cp.tr.KhIca  from  inter,  uptions  in  the  fore-arm  below  the  flexor 
carp,  ulnaris  and  the  flexor  profundus  muse'  -s. 

I.-SIMPLE  COMPRESSION  '  >R  RECENT  INTERRUPTION 
OF  TH,     ULNAR 

Paralysis  nf  the  ulnar  is  often  drfRcult  to  recognise  in  these  conditions  5 
.t  IS  frequent  .  overlwdced  because  of  the  numerous  muscular  substitutions 
we  have  >tud(fu  above. 

It    must   h.'    remembered  that  flcx.o,.    of  the  fin-ers  is  preserved  by 
means  of  the  susn-rficial  Hcxor  and  the  two  external  tendons  of  the  flexor 
profundus  (me.l  .n).     Minute  examination    is  needed   to  sc-e  that  it  was 
-weakened  :  tf.,-  weakening  is  the  result,  firs,    of  paralysis  of  the  two  inner 
heads  of  the  flexor  profundus  (flexion  of  the  third  phalanx  on   the  second 
does  not  take  place) ;  second,  of  paralvsis  of  the  in.crossei,  powerful  flexors 
'c  hrst  phalanx.     This  c.iu.c.  great  difficnlty  in  performing  movements 
rcqu  re  considerable  flexi-.n   of  the  first   phalanges   along   with  ex- 
tension of  the  other  two  (difficulty  and  fatigue  in  writin.L') 

Eucnsion  of  the  last  two  phalanges  on  the  first",  nerossei)  is  still 
poss.hle,  though  feeble,  m  the  c.ise  of  the  index  and  the  middle  finger  by 
mean-    >f  the  lumbricalcs  (median  >.  t^        / 

Sei«ration  of  the  fingen;  (dor<,l  interossei)  may  be  efTerted  bv  substi- 
tut.oii  of  the  extensors. 

Adduction  of  the  fingers  (pal,  ir  interossei)  is  nossible,  thou-h  weak 
by  the  action  of  the  flexors,  or  lateraiU,  by  the  lumbrical.-  o'  -!„•  i„dex  and 
the  middle  finger. 

Adduction  of  the  thumb  has  disappeared  (althou- 
by  substitution  of  the  long  extensor),  but  opposifi 
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and  a  methodical  examination  i,  atjuired  to  diMmguiklt  tlwm,  bv  invcMJ- 
gation  of  the  prehension  lign  of  tic  th.  mb. 

In  tht«e  condition.,  ulnar  pari !/»»  ,nay  frrquentiv  pau  unnoticed  on  a 
wpcrncial  examination. 


Kl.;. 


1  t+.-Coinplfic  svcrion  of  the  iiliur  ab..vr  the  rpi.rorhlea  (uh.H..«r«,h  takrn  tiru 

The  position  is  not  so  clearly  characteristic  as  one  might  cxpci  t  from 
the  classical  description. 


I  r 


Fl(i.  1 1 5.— Same  figure  .n  ahovr,  with  maximiim  rxtrn.ion. 

Ulnar  Kriff  is  often  scarcely  perceptible. 

The  l.;uid  is  somewhai  riattcne'  ;  the  hy(x.thciiar  eminence  is  slightly 
atrophied,  .is  are  the  adductors  of  tie  thumb, 

10 
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W«  sec  when  the  hand  is  at  rest  that  the  fifth  finger  is  slightly  flexed, 
also  the  fourth,  though  in  less  degree. 

This  slight  flexion  of  the  inner  two  fingers  is  due  to  suppression  of  the 
interossei,  extensors  of  the  last  two  phalanges  ;  the  fingers  become  flexed 
owing  to  the  tone  of  the  superficial  flexor. 

If  the  patient  is  requested  to  extend  '^orously  his  hand  and  fingers, 
the  attitude  is  not  much  more  characteristic. 

We  note  that  extension  is  not  absolutely  complete  ;  the  hand  is  but 
partially  extended.  The  fifth  digit  is  still  slightly  flexed,  as  well  as  the 
fourth  ;  but  the  other  fingers  are  extended,  and  we  must  test  their 
resistance   when  extended  to  ascertain  that  extension  of  the   last   two 


tu..  1 16.— Lesion  iif  thf  ulnar  above  the  iiiitrojhiea  (complete  section  three  months 
previously).  Typical  ulnar  griffe  whi.h  sira.luallv  appcarcti  about  six  weeks  after 
jaralysis.  Note  the  marked  flexion  of  the  secomi  phalanx  on  the  first,  whilst  the  third 
IS  but  slightly  flcxeil  on  the  secoiul.  Tonic  action  of  the  superficial  flexor  (sccoml 
phalanx),  paralysis  of  the  flexor  profiimlus  (third  phalanx). 

phalanges  is  very  feeble,  and  merely  the  result  of  contraction  of  the 
lumbricales. 

Nevertheless,  if  ulnar  par.-ilysis  persists  long  enough,  hypotonia  of  the 
interossei  becomes  pronounced,  and  there  takes  place  the  typical  ulnar 
gri^f  with  semi-flexion  of  the  fourth  and  particularly  the  fifth  fingers. 
This  flexion  .iflFccts  almost  exclusively  the  second  phalanx  (superficial 
flexor)  ;  the  third  phalanx  (flexor  profundus)  remains  almost  fully  extended. 
•■»»•• 

The  description  just  given  of  ulnar  gri^-  in  recent  sections  or 
compressions  of  the  nerve,  applies  mainly  to  injuries  above  the  epitrochlca. 

If  the  nerve  is  injured  below  the  motor  branches  which  it  supplies  to 
the  flexor  profundus  and  extensor  carpi  ulnaris,  the  position  of  the  hand  is 
slightly  different 
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The  ulnar  grijffe  occurs  earlier  and  is  more  pronounced.  It  becomes 
obvious  owing  to  preservation  of  the  flexor  profundus.  (J.  and  A 
Dcjerine  and  Mouzon.) 

No  longer  does  it  consist  of  simple  flexion  of  the  second  phalanx  on  the 
nrst ;  the  third  phalanx  is  also  flexed. 

The  rSh  of  the  flexor  profundus  in  ulnar  griffe  is  clearly  shown  in  the 
course  of  nerve  regeneration  ,  thus,  in  a  section  of  the  ulnar  above  the 
cpitrochica,  we  find  ulnar  ^/v^-  but  faintly  perceptible,  as  long  as  the  flexor 
profundus  remains  paralysed  ;  then,  with  the  growth  of  the  axi^ylinders 
and  the  return  of  tonicity  and  contractility  in  the  flexor  profundus  the 
claw-hlce  attitude  of  the  last  two  fingers  is  seen  to  take  shape  and  to 
become  pronounced. 


i 


llJvp  .r  "f  '"l?  -T  ^"'i"  '"  ""'"^"^  regeneration)  through  lesion  oftlR-  nerve 
al«»e     he  ep.troehlea  (complete  section,  suture  of  the  nerve  two  months  at.er  the 

aft  r  ,2;  :  "ir^Th"  «^^''"='"y''T''"''  ^-cqulringthe  typical  form.about  two  n  .,nths 
flexi  . ,  ^r  K  .'k'  T  r.  '""'"t'  "!'"  '"'""'■'  "  '"'  '*™"'^  •"*•'««'  hy  progressive 
fuulZn  "^r,''"';''  !•''»'"''. 'h-^fl^T  protumlus  having  regained  it,  W„e  tml  i„ 
l.inuions.     (Note  the  projecti.m  ot  the  ten.lon  of  the  Hexor  carpi  ulnaris.) 

Finally,  adduction  with  flexion  of  the  hand,  which  is  effected  by  the 
flexor  carpi  ulnaris,  is  of  course  retained. 

*  •  »  # 

III  all  these  cases,  ulnar  gnff  caused  by  recent  injury  o*f  the  nerve 
whether  resulting  from  lesion  above  or  below  the  flexor  profundus,  is 
always  slight  ;  it  is,  moreover,  essentially  a  soft,  supple,  easily  reducible 
A''#-       (J-  -ind  A.  I     jerine  and  Mouzon.) 

It  is  due  entirely  to  loss  of  power  and  tone  of  the  intcrossei ;  there  is 
no  fibrous  contraction  whatsoever  keeping  the  fingers  flexed,  as  may  happen 
sometimes  in  complete  and  long-stnnding  interruptions.  VVc  Jo  not  find 
the  fibrous,  intractable,  irreducible  transformation  which  characterises  the 
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ulnar  grifft  of  nerve  irritation,  resulting  from  contraction  of  the  muscles 
and  tendons,  from  fibrous  transformations  of  the  palmar  aponeurosis  and 
the  adhesions  contracted  between  the  tendons  and  their  synovial  sheaths. 


t:    '    .^r     ■',?■-"'"»■•  .?"Jf'-.,™'«^'f   hy  romplelr  mtion  of  nerve  in  forearm 

.^r^    ^^ih  .r        "  ".'"•'>,""'y  r"^^''"'-']'"-^  .?>■'/'.  as  in  all  ,as<-5  oF  complete  in.er- 

lup  ion.  «„1,  the  excenti,>n  ot  very  slight  flexion  of  the  fifth  finger  cause.l  l.y  fibrou, 

iiintraction  of  the  tendon.  j  ■  ^      . 

It  may  be  established  as  an  almost  absolute  principle  that  every  fibrous 
grip  is  of  neuritic  origin,  v/itl,o.it  complete  interruption  of  the  nerve  ;  it  is 
always  accompanied  by  pain  on  pressing  the  muscles  and  nerve  trunk  and 
by  some  trophic  disturbances. 


vm 
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II.-SYN  DROME  OF  PROLONGED  COMPLETE 
INTERRUPTION 

It  is  somewha-  ^fl'.cu  t,  during  the  first  two  or  three  months,  to 
Jistinguish  the  syriu  nc-  of  interruption  from  that  of  compression,  which 
moreover  is  far  rai  r    1  th ;  ulnar  than  in  the  musculo-spiral. 

The  main  p  •  ts  i,i  this  diagnosis  are,  as  in  the  other  nerves,  the  far 
greater  rapidity  aM(!  intensity  of  hypotonia  and  muscular  atrophy  ;  the  fixity 
«.t  sensory  disturi-.tiiccs,  the  more  rapid  and  complete  appearance  of  the 
RD  i  the  cxistcnci-  jt  'ormication  in  a  fixed  zone,  at  th<;  level  of  the  lesion, 
and  the  analgesia  of  j^jrve  and  muscles. 

After  twc  co  tlnee  months,  however,  complete  interruption  is  more 


Fin.  l20.-H)iKr-extension  of  the  last  two  fingers  (Sy  hypotonia  of  the  interossti) 
in  prolongeil  islnar  paralysis. 

Strikingly  shown  by  muscular  atrophy  and  by  the  greater  hypotonia  of  the 
interossci. 

I.  This  hypotonia  of  the  intcrossei  is  at  times  so  pronounced  and 
acc-npanicd  by  so  much  articular  relaxation  that  abnormal  movements  are 
pinduced. 

Fir-t,  wc  have  hypcr-extension  of  the  first  phalanges,  brought  on 
without  effort,  when  the  patient  tries  to  extend  his  fingers  or  when  an 
attempt  i»  made  to  obtain  this  hyper-extension  by  passive  movements  ;  it 
may  be  quite  extraordinary  in  certain  patients.  Indeed,  Duchenne  of 
Houlogne  has  shown  that  the  action  of  the  interossci  alone,  forming  by 
their  tendons  a  sort  of  band  on  the  dorsal  surface  of  the  metacarpals, 
opposes  hyper-extension  of  the  fingers. 

This  hypor-cxtension  may  be  limited  to  or  most  pronounced  in  the  last 
two  fingers ;  but  it  may  also  show  itself  in  the  last  three  or  even  in  all 
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four  fingers  when  the  lumbricaks  of  index  and   middle  finger  become 
incapable  of  fulfilling  their  function  as  substitutes  for  the  interossei. 

Atrophy  and  laxity  of  the 
articular  ligaments  is  in  these  cases 
associated  with  hypotonia  of  the 
muscles. 

Palpation  of  the  hand  shows 
such  relaxation  of  the  inter-meta- 
carpal  ligaments  as  enables  the 
hones  of  the  metacarpo-phalangeal 
articulations  to  move  freely  upon 
one  another,  affording  a  sensation 
of  extreme  laxity  and  genuine  dis- 
location of  the  metacarpus.  This 
articular  laxity  is  far  greater  in  the 
ulnar  part  of  the  hand,  though  it 
sh>  aid  be  noted  in  the  normal 
state  that  there  is  greater  laxity  in 
these  same  articulations  of  the 
fourth  and  fifth  meta-carpals. 

2.  At    the  same   time,   ulnar 
griffe  becomes   pronounced,   as  a 
result  of  increasing  hypotonia  of 
the    interossei ;     it    assumes    the 
appearance  described  by  writers  on  the  subject.     The  last  two  fingers  are 


Fifi.  111.— Dislocation  of  the  metararuus. 
Latvral  rompression  of"  the  hand  give»  it  a 
ryhnilriral  t'orm. 


.      ''"'■  •"■-L™.B-"»"'ling  (5  months)  uhiar  paralysis,  complete  interruption  abovt 
the  epitrochlea,  typical  ir//r.— Flexion  o(  secoiul  phalanx  only. 

flexed  almost  completely  inio  the  palm  of  the  hand,  and  this  attitude  is  ev 
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more  marked  if  the  nerve  is  affected  below  the  flexor  profundus.     In  this 
case  also,  the  third  phalanx  naturally  participates  in  the  flexion. 

Flexion  of  »he  last  two  fingers  affects  the  middle  finger  slightly,  owing 
to  the  slips  of  the  palmar 
aponeurosis  which  unite  the 
third  and  fourth  fingers  at 
their  b-i^s ;  and  if  the 
lumbrica  finally  weaken  in 
their  resistance,  the  index 
also  becomes  flexed,  thus  pro- 
ducing a  sort  of  incomplete 
three-fingered  or  even  four- 
fingered  griffe. 

We  find  th.it  the  lumbri- 
calis  of  the  middle  finger, 
normally  supplied  by  the 
median,  may  also  sometimes 
be  supplied  by  the  ulnar. 

In  all  cases  this  griffi 
remains  flaccid  and  reducible. 
It  is  V,  lely,  we  must  repeat, 
the  irreducible  grijfn.    Still, 


Fir.  123.— Lnng-stamling  (three  months)  ulnar 
paralysis  (lesion  at  the  mitlille  third  of  fore- 
arm), roinplete  intcrrii|itiuii,  accentuation  of 
typical  griffe. 


nerve  irritation   of  the  ulnar  that  creates 
_  ...  ,  '"  some  cases,  we   see   that   there   occurs 

a  slight  fibrous  contraction  of  the  flexor  tendons,  which  fixes  the  fifth 

finger  and  to  some  ex- 
tent also  the  ring-finger, 
in  a  moderate  curvature. 
In  all  these  cases  of 
complete  and  long-stand- 
ing interruption,  we  arc- 
struck  by  the  rektivc 
unimportance  of  trophic 
disturbances.  The  skin 
is  dry  and  often  becomes 
the  scat,  on  the  palmar 
surface  especially,  of  a 
sort  of  branny  dcsquam.-t- 
tion  ;  but  the  integu- 
ments remain  supple,  the 
nails  are  not  deformed, 
and  the  articulations  re- 
tain their  mobility.  Only  vascular  disturbances,  and  particularly  cyanosis 
which  is  distinctly  confined  to  the  region  of  the  afll-cted  nerve,  can  be 
seen  ;  the  frequency  of  chilblains,  the  easy  production  of  accidental  ulcers 
and  the  slowness  of  their  cicatrisation  alone  bear  witness  to  the  important 
effects  upon  nutrition  of  the  tissues. 


''•■  ',»+.— Long-staiKlins  (five  months)  ulnar  paralysis 
(lesion  at  the  upj;iT  tliini  of  fore-arm),  ihrtc-Hnfrerol 
grifft  through  weakening  of  the  lumbricales  or  perhaps 
iniiervation  by  the  ulnar  of  the  seeon.l  lumbricalis 
orilinarily  supplied  by  the  median. 
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In  somecaso,  however,  we  have  found  extremely  important  vascular 
dwlurbance.  of  the  little  finger,  which  becomes  swollen  and  shining,  and 
offer*  an  almont  black  cyanotic  appearance,  as  though  caused  by  a  sort  of 


Fig.  iiS.-Long.ttanding  (lix  month.)  ulnar  paralyiii  (wriit  wound,  complete  lectlon), 
four-fingered  grifft  fmm  weakncH  o»  the  lumbricalcf  i  flaccid  grW'- 

exaggerated  paralytic  stasis.     Possibly,  in  these  cases,  disuse  of  the  hand 
may  have  favoured  the  appearance  of  such  intense  vascular  disturbances. 


ii6.— Hyi>er-cxten«ion  of  the  first  Hhalanges  in  preceding  case,  f 
tacarpo-plialangcal    articulations,    hypotonia    ot     interossei    am 


Fig. 
melacarpu. 


from  relaxation  of 
and     projection    of 


They  are  never  found  in  patients  treated  by  massage,  mobilisation  and 
electricity. 
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Fig.  127.— Atrophy  of  the  hypothenar  cmintncc. 


3.  Lastly,  muKular  atrophy  is  pronounced.  The  flattening  of  the 
hypothenar  eminence  is  complete  ;  paralysis  of  these  muscles  particularly 
of  the  palnuris  brevis,  does  away  with  the  creases  of  the  skin  and  its  vertical 
contraction.  The  atro- 
phied interossci  produce 
on  the  dorsal  surface  or 
the  hand  actual  intermeu- 
carpai  furrows  j  exaggera- 
tion of  these  furrows  may 
produce  quite  a  skeleton 
hand  I  the  adductors  of 
the  thumb  disappear,  leav- 
ing between  thumb  and 
index  a  deep  depression  in 
which  palpation  of  the 
first  interosseous  space  re- 
veals nothing  but  a  thin 
muscular  sheet  almost 
devoid  of  substance. 

The  thenar  eminence  in  its  deep  layers,  becomes  flattened,  the  thumb 

lies  close  against  the  index  on  the 
same  plane  though  twisted  some- 
what outwards,  bringing  its  palmar 
surfoce  on  to  the  outer  side  of  the 
index  (predominance  of  the  op- 
ponens). 

It  is  in  these  cases  of  atrophy 
and  extreme  hypotonia  of  the  ad- 
ductors of  the  thumb  and  inner  slip 
of  the  flexor  brevis,  that  we  some- 
times meet  with  the  attitude  de- 
scribed by  Jeanne.*  This  is  a  sort 
of  thumb  gri^;  characterised  hy 
extension  of  the  first  phalanx  and  by 
semi-flexion  in  the  second. 

The  adductors  of  the  thumb  ami 
the  flexor  brevis  are,  hke  the  inter- 
ossei,  though  to  a  less  degree,  flexors 
of  the  first  phalanx  and  extensors 
of  the  second,  through  the  dorsal 
slip  which  they  send  to  the  extensor 


Fig.  iiS, — Atrophy  of"  the  internssci. 


tendons. 

This  attitude,  however,  is  rare,  for  the  external  slip  of  the  flexor  brevis 
(median),  which  has  the  same  action,  is  usually  capable  of  correcting  it. 

•  Jranne.     &«.V./f  CA/rx/^/,,  17  Marili,  1915, 
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Atrophy  of  the  interoMci,  locinrly  (ignificiint  of  paralyii.  of  the  ulnar, 

pcnim  long  after  the 
cure  of  this  panily»is. 
It  also  exiitts  in  certain 
incomplete  le«ion<i  of 
the  ulnar  and  enable* 
u»  to  recognise  them, 
even  in  the  absence  of 
definite  paraiyttis. 

III.-SYNDROME 
OF  NERVE  IRRI- 
TATION 

Fio.  119.— Atniphy  of  ihv  a>l<ltirtun  of  thr  thiimh,  ''  '*  "erve  irritation 

,l;        ,  .     ^.  that,    more   than  any- 

thing else,  creates  the  fibrous  griffa  of  the  ulnar. 

In  these  cases,  to  a  more  or  less  marked  extent,  we  find  spontaneous 
pains  in  the  distribution  of  the 
nerve,  pain  caused  by  pressure  on 
the  nerve  trunk,  painful  anx». 
thesia  of  the  skin,  or  even  com- 
plete hyper-xsthesia ;  pressure 
on  the  antibrachial  muscles  and 
especially  on  the  hypothcnar 
eminence,  and  compression  be- 
tween two  fingers  of  the  adduc- 
tors of  the  thumb,  cause  very 
keen  suffering. 

The  painful  syndrome  is  more 
or  less  pronounced,  as  the  case 
may  be ;  it  seldom,  however,  at- 
tains the  degree  of  certain  cases 
of  neuritis  of  the  median.  It 
may  be  found  without  very 
evident  paralysis,  though  it  is 
almost  always  accompanied  by 
important  trophic  disturbances. 

The  scaly  condition  of  the 
skin,  infiltration  of  the  dermis, 
woody  atrophy  of  the  muscles 
anil  the  split  curved  state  of 
the  nails,  are  more  or  less 
striking 


-  —  ayj-i  libroiu  ami 

inrxirnsiblr  ;  pain  by  prmiire  on  the  hypo- 
thcnar and  iniiTosstiMiR  muscles.  Maximum 
extension.    Contraction  iif  the  flexor  tendons. 


The  more  rapid  growth  of  the 
iiaik  raises  the  pulp  of  the  finger  into  a  smalt  sub-ungual  and  frequently 
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painful  tumour,  the  prewncc  of  which  is  an  indication  of  neuritis  how- 
ever  slight. 


t  K..  I J  I.— Contraction  of  the  puliiur  aponciirouli  in  a  niuritic  ulnar  i-///.- 
(tuiir  Kiigvrt'd  grifi). 


Fie,.  132.— Neiiritic,  irreducible,  ulnar  ,p-//^y  contraction  o«  flexor  ten.lu 
ami  jiulin^ir  a|X)neurosi9. 
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The  main  points  to  note,  however,  are :  fibrin. «  contraction  of  the 
lexor  tendons  adhcwon  of  the  tendons  to  the  tynovial  thcaths  thicken, 
ing  and  fibrous  contraction  of  the  palmar  aponeurom,  comparable 
to  Dupuytrcn's  contracture,  the  prominences  of  which  stand  out  like 
whipcord. 

These  lesions  emphasise,  rntcnsify  and  render  irreducible  the  attitude 
oj  ulnar  f^rifft. 

It  may  be  affirmed  that  every  fibrous  and  irreducible  ulnar  i>r\fft  is  a 
i»ign  of  more  or  less  pronounced  nerve  irritatiiNi. 

This  is  eaiiily  demonstrated  j  whenever  we  find  a  fibr.ms  incxten%ible, 
or  even  moderate /r(/f>,  we  need  only  pinch  between  two  fingers  the  mass 
of  hypothenar  muscles  or  the  adductors  of  the  thumb,  to  cause  a  very  acute 
sensation  of  pain. 

Frequently  the  grifft  is  confined  to  the  ulnar  part  of  the  hand  and 
reaches  only  the  ringWinger  and  the  fifth  finger  j  at  most  it  involves  the 


Flo.  1)4 — DUtiirbani-n  of  Kiiiibilil)' 
in  thr  umc  raw  ol  luiirilis  tombiiicil 
wiih  fibnnit  j^{^,  »ithuiii  |>araly>l>. 

middle  finger  in  slight  flexion. 
Sometime!!  also  it  invader  the 
entire  palmar  aponeurosis  and 
produces  a  veritable  thrcc-fingered 
or  four-fingered  griff,; 

Neuritis   of    the    ulnar   may 

».how  itself  without  paralysis,  or 

Ki(..  1J3.-  Ncuritic  grtffe  nt  ulnar  wiiho\it    *'''i  ""'x  partial  paralysis,  either 

paralyii,  of  the   interowi    romWned   with     owing  to  the  fact  that  the  slight 

tibrous  inhKration  of  the  palmar  anoneiinnii     ......  ,^    , 

aixl  contraction  of  the  flexor  tcmloni.  irritative   lesion   has  not  touched 

the  motor  fibres,  or  that  the 
trophic  fibres  form  a  distinct  fasciculus  which  the  lesion  can  reach,  whilst 
leaving  the  motor  fibres  untouched. 

For    instance,   we  may  mention  the  case   of  a  patient  afflicted  with 


ULNAR   NERVE 


•57 


IcMoii  of  the  ulnar  ai  ihc  middle  third  of  the  forcnirm.  There  wm  no 
p«r«lyM«  of  the  interoMci,  for  the  mutclet  poHctMd  their  normal  electrical 
reactioni  and  the  patient  wa.  able  to  do  all  the  movements  thoi  .{h  not  to 
the  full  extent.  ()„  the  other  hand,  along  with  complete  an<r.the«ia  in 
the  ulnar  area,  there  was  nerve  irritation  producing  fibrous  transformation 
of  the  sub^uuneous  cellular  tisaue  and  of  the  pnlmar  aponeuro»iv 
contraction  of  the  <lexor  tendon,  and  adhesion  to  the  synovial  »heath» 
To  such  a  degree  was  .his  the  case  that,  in  spite  of  the  integrity  of  thj 
interossc..  thc.r  move.nc.t.  were  rendered  painful  and  strictly  limited  bv 
the  hbrous  transformation  of  the  hand  in  its  ulnar  part. 

In  another  case,  a  slight  lesion  of  the  ulnar  only  after  some  months 


.s  probably  due  to  nothing  more  than  slight  neuritis  of  the  ulnar  or  of  it 
component  cervical  roots. 

VVc  shall  s,x,„  see  that  slight  neuritis  of  the  ulnar  may  frequently  cause 

XL       ""vv'    "'  K^""""""  "'  "^  "'"-tion,    producing  paradoxical 

...titudcs.     VVe  ought  to  mention  the  s,H.cial  tendency  of  the  ulnar  nerve 

..cause,  through  slight  irritation,  contraction  of  the  muscles  of  the  hand  : 

his  nerve  is  found  to  be  affected  in  most  of  the  cases  that  produce  the 

accoucheur    type  of  hand.    These  states  of  hypertoni.n,  however,  through 

irritation  of  he  u  nar  are  really  somewhat  complex  :  we  will  study  them 

separately,  after  the  diagnosis  of  ulnar  paralysis.  ^ 

Ner^c  irritation  of  the  ulnar  is  often  a  serious  complication,  certainly 
more  serious  than  total  interruption.     Whereas  paralysis  from  complete 
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interruption  readily  pcrmiti  of  the  utc  of  the  hand,  owing  to  the  many 
iuh»ti'tuti<jn»,  ncuritU  of  the  ulnar  renders  the  patient  quite  powerlew. 
After  »uture,  the  interrupted  ulniir  nerve  will  gradually  regain  ttt  functions 
whilst  neuritis  may  create  irreparable  fibrouK  contractions. 


IV.-NEURALGIA  OF  THE  ULNAR 

Slight  lesion*  of  the  ulnar  arc  mmetimes  indicated  hy  painful  syndrome*, 
of  the  simple  neuralgic  type,  aswiciated  or  unaswcwtcd  with  mrtr.' 
ditlurbanccs  but  not  accompanied  by  the  trophic  disturbances  which 
characteriK  ntrve  irritation.  This  ncuralpi.i  o»  the  ulnar  in  seldom  as 
intenso  as  that  of  the  median.  There  may,  l.uwever,  be  foimU,  more 
especially  in  lesions  affecting  the  u!nar  at  the  upper  part  of  the  arm, 
painful  syndromes  of  the  causalgic  tvpi-}  intensity  of  the  pain,  extreme 
hyper-a-Mhesia  of  the  skin,  radiation  uf  the  pain  over  the  whole  limb  even 
above  the  lesion,  the  provocation  of  pain  by  the  slightest  contact*  or  even 
by  vivid  impressions  and  emotions:  »ll  these  recall  the  characteristics  of 
median  causalgia. 


V.-DISSOCIATED  SYNDROMES 

Like  til  the  other  nerve»,  the  ulnar  is  composed  of  distinct  fasciculi 
destined  for  a  special  trophic,  Mnsory  or  motor  region. 

Investigation  of  thr  many  cases  observed  during  the  war  has  enabled 
us  to  outline  the  study  of  this  fascicular  topography. 

The  possibility  of  parf  »"  Usion^  producing  dissociated  syndromes  is  one 
result  of  this  inve8tJB;>:.u  \. 


For  instance, 
external  part  <  t  .' .:  - 
flexor  profundus  :':.>}. 
untouched.     On   t'  > 
superficial  part,  ma 


■  '■■c  ulnar  nerve  in  tW  arm,  afTcciing  the 

•  ',  u..(v      use  nothing  more  than  paralysis  of  the 
.-•   '.itf:  .'(.  ...r  carpi  ulnaris,  leaving   the   intcrossei 

•  •'.■r   hand,   lesion   of  the   nerve  in    its    internal, 

-      -       ,  •■•<5"  atcd  solely  by  paralysis  of  the  interossei  and 

of  the  hypothcnar  srtiiiiei'cc,  the  flexor  profundus  .nnd  the  flexor  carpi 
ulnaris  being  preserved. 

The  mutual  positions  of  the  principal  fasciculi  are  thus  known  by 
Miperposition  of  various  clinical  cases  as  also  by  direct  electrical  stimulation 
of  the  fasciculi  of  the  nerve  in  the  course  of  surgical  operations.  (P. 
Marie  and  Meige.) 

It  is  now  known  that,  above  the  elbow,  the  fibres  destined  for  the  flcxoi 
carpi  ulnaris  and  for  the  flexor  profundus,  as  well  as  those  destined  for  the 
adductor  of  the  thumb,  occupy  the  external  part  of  the  nerve,  and 
consequently  lie  on  the  inner  surface  of  the  humerus. 

On  the  other  hiiid,  the  sensory  fibres  and  the  motor  fibres  destined  for 
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the  hypothenar  eminence  muI  for  the  taut  intcroMW,  .rcupy  the  iiilernd 
part  of  the  nerve  j  thcv  are  therefore  ■wipcrficial  nnd  more  cxpoicii  to  he 
affected  by  partial  traumaiiMn*.     (DejeriiH.) 

Thi>.  arrangement  probably  explaiii«  why  certain  Ic^ioni  of  the  nerve 
above  the  elbow  are  »a  mpanied  by  more  r  Ich  marked  ulnar grl^.- 
according  an  the  fa  -  icui  destined  for  the  flexor  profundun  have  been 
attacked  or  not.  Ulnar  guff  will  be  more  pronounced  in  cases  wlierc  the 
flexor  ("^'tfundu*  J*  untouchtd  ;  -ndeed,  it  collaborates  with  the  Miperficial 
^cxor  1.1  fl,  ing  the  ^-coii,!  a„,i  third  phalanges  of  the  fingers  whose 
extensor ^  arc  rnainit  thi  inrcr»«»ei. 

In  the  fori  -arm  ako  arc  fotind  lesions  confiw.l  to  the  internal  part  of 
the  ulnar  nerve,  «  eh  arc  characterised  by  -ntei.  ^  ^nsory  and  trophic 
disturbances,  along  vith  rcl..nv«  preservation  of  the  interoKM.i  ;  in  thcM.- 
-»*-:•  It  IS  again  iic  mus.  k-s  of  the  hyix.tficnar  eminence  and  the 
inteross.  I  of  the  lai.t  space-  ti  ,.t  are  most  affbcted.  On  the  other  hand,  the 
fibres  destined  for  the  uiterossei  of  the  first  spaces  and  f..r  the  adductors  of 
the  thumb  appear  to  ck  cupy  the  external  part  of  the  nerve. 

According  to  J.  and  A.  Dejeriiic  and  Mou/.oii,  flien,  we  may  sum  up 
as  follows  the  fascicular  tofiography  of  the  ulnar.  From  within  outwards 
we  find — 

1 .  The  sensory  cutaneous  branches  and  the  brjp'chcs  of  the  hypothenar 
eminence,  entirely  superficial. 

2.  The  fasciculi  destined  for  the  interossc.  representing  the  deep 
palmar  branch  of  the  ulnar.  The  fibres  destined  for  the  different  inter- 
osseous muscles  are  also  arranged  in  layers  from  within  outwards  :  the 
fibres  of  the  last  interossci  are  the  most  internal. 

3.  The  fibres  of  the  adductors  of  the  thumb  occupy  on  the  fore-arm 
the  most  external  position  ;  this  muscle,  indeed,  repremjnts  the  inter- 
osseous of  the  first  sp.icc.  On  the  arm,  it  is  also  external,  thougli  still 
covered  by  the  fibres  of  ti.e  flexor  carpi  ulnaris  and  of  the  flexor  profundus. 

4.  The  fasciculi  of  the  flexor  carpi  ulnaris  and  of  the  flexor  profundus 
which  occupy  at  the  level  of  the  arm  the  most  external  part  of  the  ulnar 
nerve. 

In  the  case  of  the  ulnar,  as  of  all  the  other  nerves,  one  cannot  help 
being  struck  by  the  way  in  which  the  fascicular  topography  is  identical 
with  the  root  topography  of  the  sensory  and  motor  regions.  There  is  so 
to  speak,  in  the  nerve  a  sort  of  relative  lengthening  of  its  root  con»titution  ; 
for  instance,  the  fibres  destined  for  the  adductors  of  the  thumb  which 
seem  mostly  to  originate  in  the  eighth  cervical  root  arc  more  external 
than  the  fibres  of  the  hypothenar  eminence,  supplied  by  the  first  dorsal 
root. 

We  here  give  as  an  instance  of  dissociated  syndromes  the  following 
two  contrasted  cases,  a  study  of  which  has  proved  to  J.  a-d  A.  Dcjcfiuc 
and  Mouzon  the  fascicular  topography  of  the  ulnar. 
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«,  A«tiiu.le  of  the  hami  at  rrtt  (.li.turban«.  of  tone).     Note  : 

.o„;'„nt:rfl:i::r''ca;;i;:s; '"'"""'  "'"•^' "- "'""  ""'^  •■•e  n..r„.ai  ,y^  (goo.. 

.hemnr„'f\he7ex^t'of\ri^"tt'ST„^  .Thi-  '"i-le  .eem.  ...,e  to 

»Wu«Jr.  of  SLT""  ""'"  P'"""-'^  in  'he  hypo.henar  eminent  than  in  the 
h  Ji.^J'aSSllS/llJ'.S;:  «"«"  '•  P°"""*  <-'"  -^-«  •<•  ".e  axi.  of  the 
which  i^at«S"ic  ""  """"'  ''''»*"«'»•«»'•  *'>..«*ver  in  the  .li.tributi„„  .,f  the  ulnar. 


two. 


^  Maximum  flexion  of  the  fingen.     Note  : 

z   Th«',  r""/"?"  "♦":«=  «""  "Ti  "Inari.  above  the  pi.iform  per.i.,s 
z.   That  .he  phalange,  ot  the  la.t  two  Hngertare  flexe.1  as  well  a^t^,l^of 


the  linl 


.ha,'i„?he'hm  ;*:„."*  *^'  '^"'  P'"'""'  "  •"  '""•*  pr..noun.e.l  i„  the  1,.,  two  finger. 

c,  J.  r.J,  Mu«-ular  contnctlon  in  voh.ntarv  movements  in  resi.tance  movements 
anil  by  electrical  olimulation. 

RU  in  all  lhe«-  muKles  ^  "^  (<l'a<lerm,r  Mimulation).     Total 

.rac(frl7cle:;&i;Xi:::'rf  ;t'V  ""^    "r'/  .li«h.ly  .limini.he...     Con. 

,?,  *,  Cutan.„.„  Kn.ibili,y  to  pi„.prick.     ,,  0.«ou.  .en.ibility  ,.,  ,„„ing.f.,rlc 
J,  Articular  nensibility  to  pauive  altitudes 

>:  tiLrzli^^^^n:;::::! :—  - -"-  >  -"-<•-  -  „ot  rec..g„i.e... 
-.i^it^r^sl::;^^':;;:.!;^';-!;^^^^  ^-Hmg ;» ...ser.  ,„  .....atr ... 
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a.  Attitude  of  the  hand  at  ml. 


A,  Maximum  flcxiun  u(  the  fingers. 


f, ./,  f,J,  Viilnniary  .mil  riecirical  contrartility  ot  ihr  nnisi'ics. 


g,  *,  Cutanriiui  wnsibiiii)  tu  |>ln-|irii'kiiig. 


/,  OuciMis  sensibility         /,  .'\rlirtilar  sensibility 
to  luninK-lork.  In  (Kissive  uililmlrs. 
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ComB^Ji^n"J^^  P»  Cwporal  Chev  jo  April.  1915.  7,,!  day  afier  hit  wound. 

s..,.„^^  '^''V  :  •  l°l*^'  "*'''  '"♦•"">•  *•'""''"'  »"«••«  '««»>  Feb..  .,.5.  at 
o?X  if*?""""^''''  'S*  *""?•'."«  "/  u*  •■?•','•  '^''«  P^J'""*  "»'•"»"'  'he  inner  region 
dLi„.J  r?f  •  ♦^°"',«?8«"  ''««';''•  bctow  the  armpit.  Suppuration  of  tract  and 
™i?  ^»-  ..  "'""  P»"'y»»  •«"»  «o  have  been  immediate,  but  fwKveral  weeki  move- 
lT«  .»n  «„/""  ""!*"''"««  almo.t  impoMible  by  reaun  of  the  paini  Kt  up  in  the 
lau  two  fingen,  doubtlew  connected  with  the  pulling  on  the  nerve.  TheK  puni  had 
almo.t  d.«ppeared  at  the  time  the  wounded  min  entere.1  the  ho.pital.  ^ 

on  fCI^"k.":i'I;i.  •''  ^"'.''  ''■j:  •/•"  ""  *«'"nd).  by  M.  GoMet.  Ulnar  nerve  hent 
.tLrhI7h:.  ^r*  ""*  ■"*',"''  "T^'''  ^mpn^"'  i"  "temal  lurface.  and  was 
^^^„  .'^.r**"  •'1'  "4.1™"'  "*«'  "'  ""^  '•"■*?•  '"J  ""  °"«"  >>">'•  "f  «he  bicep..  Re- 
™1!I  /  1™!.  •  Tv'  ""T"L  "«•  n-ni,.!  in  calibre,  a.pect  and  colour,  with  the 
exception  u»  a  ilight  .welling  and  hanlening  (intentitial  .clerosi,)  of  it.  external  part. 

a.  Attitude  of  the  hand  at  reit  (diiturbance*  of  lone). 
flcxor't^roi'ulMnV)*'"  '""'*'  '"  '"  *"''"*''•  ''  '•"'»'"•  "'»»'d«  'he  ra.lial  edge  (atony  of 
the  thl'!i'J,l''T.K*  1°  '""  i  "  "'■""■  '^'^'■•■'     ""  "'•^  ""'"  '■""•'.  «he  flexion  foW.  of 
p.!.fundM.)  "  *"""  °*    "'*   ™""P""'""K  »lip»  of  the   flexor 

»raLl!^t^k"^\^  of  the  adductor,  of  the  thumb,  at  the  thenar  eminence,  leem.  more 
pronounced  than  atrophy  of  the  hypothenar  eminence 

mart;.l  .'k-  '"^V"'?"  "^  "•*  ''"''^  ""K"  (»  «8»nl«  «he  axi.  of  the  hand)  i,  very 
Zm.Jl„  V^t^"i,  u"'""'''!'"""'''''""  ""°""=  hand,  with  the  favourable  tone  of 
he  «r„r.,  t  •'yP<'«h*""  ctn.nence.  and. on  the  other  han.l,  with  the  tonic  action  of 
•al  finT.^.^u'^"':  7  "^  :^^^'  »'^uc,or.  i.  inteniified  «hen  the  hand,  a.  in  thi. 
law.  hnds  itielt  deviated  lowardt  the  radial  border. 

5.  The  comiderable  hyperkerato«ii  that  exitit  throughout  the  e..tire   par,«thetic 
region  of  the  ulnar  nerve,  and  which  extend,  right  to  the  region  of  the  median*! 

A,  c,  Maximum  flexion  of  linger.. 

aUent"'   '"  ^''"  •""J"*'""  "*  '■"■  "*""'  «^T»i   "'""i'  »bovc  the  pi.ifonn  i.  quite 

and  o„w''imirfrJ«°°  '"""i  "*'  ""  J'l'  I"*""'""-  '"  "'^  «-»^  o*  ""=  >»•'  '»o  fingers 
and  only  imperfect  flexion  in  the  caK  of  the  middle  finger 

ale  mor^  «:.!"„,. ^KK  '•  •'"  ^""  ""«'"  """  "'  ""  l^"""  («>•«  «""«  iDtero.«i 
are  more  weakened  than  the  inner  interowei). 

J.  f./.g.  MuKular  contraction  in  voluntary  movements  and  movement,  of  re.i»tance. 
and  by  electrical  .timulation. 

..im^l:„"?.;'''''"''"'''L'"''"u"*'^'^"'"""'"''''"'  •■""''•*"'  ronlraction  to  electrical 
Uimulaiion  of  the  nerve  above  the  le.ion  ;  partial  RD 

rnnt^^'t"*!!.  ."^'T'^^  ^™«'»"jon  '•  P<».ible.  though  dimini.he,l.     Theke   .nus.le. 

ZiT«n    ^xT  K     r'"''*'"?:'^''''.""*''  """^^  ">*  '>^'""  Wi»Jmnic  .timulation)  , 
partal  RD.    (The  hatching  is  cloKrr.  I^cauvr  voluntary  contraction  i.  le».) 
DolleJ:  .light  weakening  ;  electrical  hypo-excitability,  without  RD. 
A,  Articular  seniibility  to  pawive  po.ition.  :  no  .listurlance  what«>ever.     /.  Osseous 
sensibility  to  tuning  »ork.    j,  k.  Cutaneous  sensibility  to  pin-prick. 

/;  tls,z  *^z:*,e:"'^.^??^;.''"'' '°  •""■p"^"  ■•  •"«•"  •^-y  -ypo  ..,he..a. 

iHohUqiu  JottfJ-iatiiiirg:  very  painful  panclhesia 
o.^^rhy^er^tt.hT"**"'"'''"""''""^'"""'  ("°  '"'»'«^"-"'  "♦  Wcber-s  circle.) 

he  r!or  """«»"""«"'  ">«  •"<;'«'l'  «en,.  to  be  a.  follows  :  fmm  within  outward, 

^l^^l  ,T  Z~  "  i-'  i"P  '•?""^''  °*  ">«  "'•"'•  ""=  branches  of  .he  las. 
IddoX™  nVTh    .1       K^  within,  tho«.  of  the  last  spaces  further  without,  th.«  of  the 

fasciculi  (or  the  flexor  carpi  uli.ans,  and  lor  the  flexor  proluiulu.  (inner  .li,..) 


a.  Attitude  of  the  hand  at  mt. 


*,  f,  Maximum  movcmcntt  of  f.fxlon  of  fingcri. 


•'.<■./.?,  Voluntar)  ami  rimri.al  r..iitraiii..i.  ,.f  mui 


sclcs. 


*,  Anioular  s.  nsibility       ,,  0,ko.i8  scnsibiliiv 
l<«  |>ai»iie  aliiiuilcii.  to  tuniiig-f»rfc. 


.;,  i,  Ciitancuiis  ^emibiliiy  lu  jiiii  priik. 
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DIAGNOSIS  OF  ULNAR  PARALYSIS 

Diagnosis  of  ulnar  paralysis  requires  little  more  than  the   indication 
uf  a  few  causes  of  error. 


Fui.  ij«. 


Kl<i.  139.— Faltr  ulnar  ,p-//f  by  cicatricial  contraction  of  llu-  tlLxmi  ul  the  last  two 
Hngi-rj.  Kclax  the  contncteil  inunclcs,  flexing  the  lingcn  on  the  hand  or  the  hand  on 
the  wrist,  til  obtain  reduction  oi ghjfe. 
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I.  Note  the  frequent  absence  of  the  typical  ulnar  grif,,  which  may  be 
scarcely  perceptible. 

Nothing  is  easier  than  to  be  mistaken  regarding  paralysis  of  the  ulnar, 
and  perhaps  more  particularly  as  regards  complete  paralysis  through  lesion 
of  the  nerve  above  the  epitrochlea;  indeed,  it  is  in  this  case  that  ^r/^, 
IS  least  pronounced,  owing  to  paralysis  of  the  flexor  profundus. 

It  should  be  remembered  that  almost  all  movements  of  the  ulnar  may 
be  reproduced  by  substitutionary  movements.  True,  these  are  far  weaker, 
but  a  superficial  observation  might  lead  us  to  imagine  that  we  were  dealing 
with  simple  paresis  of  the  nerve.  Lateral  adduction  alone  of  the  fi'^th 
finger  cannot  be  substituted  ;  this  is  almost  the  only  movement  which  \s 
absent  in  ccruin  cases. 

2.  Just  as  we  may  be  mistaken  in  ulnar  paralysis  so  may  wc  regard  as 
an  ulnar  griffe  the  simple  cicatricial  contraction  of  the  Hexors  of  the  last 
two  fingers. 

In  this  case,  indeed,  there  is  a  real  resisting  ^r/^^,  apparently  incxtcn- 
siWe,  and  therefore  reminding  one  of  the  fibrous  ^/^  in  nerve  irritation. 

It  IS  felt,  however,  when  employing  traction  in  order  to  straighten  the 
gnffe,  that  the  resistance  is  in  the  fore-arm,  not  in  the  hand ;  the  traction 
movements  raise  like  cords  the  contracted  muscles  and  draw  on  the  scar. 

Finally,  if  care  is  taken  to  flex  the  fingers  on  the  metacarpus,  or  the 
hand  on  the  fore-arm,  free  play  is  given  to  the  contracted  muscles  and  it 
IS  noticed  that  the  griff,  is  completely  reduced,  without  deformity  of  the 
nngcrs.  ' 

It  is  unnecessary  to  add  that  the  hypothenar  eminence  and  the  inter- 
ossci  show  no  sign  of  atrophy. 

3.  Finally,  wc  must  insist  on  certain  contractions  appearing  in  the 
ulnar  distribution.  They  often  give  rise  to  appearances  which  might  be 
mistaken  for  \i\nax  griffa  and  paralyses. 


" 


CONTRACTIONS  RESULTING  FROM  SLIGHT  NEURITIS  OF 
THE  ULNAR 

Contractions  of  the  hand  constitute  a  very  s|Kxial,  important  and 
interesting  chapter  in  the  study  of  irritations  of  the  ulnar. 

Indeed,  there  arc  often  found,  following  slight  wounds  of  this  nerve, 
states  of  muscular  hyi^rtonia  or  even  of  real  contraction,  to  which  wc 
have  already  called  attention. 

Whilst  all  slightly  irrit.-itcd  motor  nerves  seem  susceptible  of  producing 
analogous  syndromes,  the  ulnar  would  appear  to  produce  them  with  special 
frequency.  As  the  median  seems  to  respond  very  frequently  to  slight 
irritations  of  its  sensory  fibres  producing  the  causalgic  syndrome,  so  the 
ulnar  seems  to  manifest  greater  susceptibility  of  its  motor  fibres  and  to 
react  readily  to  their  irritation,  producing  the  hypertonic  syndrome.     It  is 
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generally  a  case  of  direct  lesion  of  the  nerve,  tometimet  indirect  compres- 
sion or  lengthening  by  traction  ;  in  other  cases,  the  nerve  seems  irritated 
by  a  process  of  slight  ascending  neuritis. 

We  note  in  every  case  the  appearance  of  muscular  hypertonia, 
frequently  amounting  to  contraction,  and  immobilising  the  hand  in  a 
hxed  attitude. 

All  the  muscles  have  reuined  their  normal  electrical  reactionH,  but 
they  are  contracted.  Active  movements  are  impassible,  passive  move- 
ments are  difficult  and  meet  with  considerable  resistance  of  an  elastic  type 
which  is  non>fibrous  and  almost  always  painful.  As  a  rule,  the  pain  dis- 
appears as  soon  as  contraction  is  overcome  and  the  movement  carried  out ; 
left  to  itself,  however,  the  hand,  either  immediately  or  more  slowly,  in  a 
few  minutes  or  in  a  few  hours,  regains  its  original  condition. 

One  might  pronounce  this  to  be  a  case  of  hysterical  contraction,  did 
not  the  attitude  of  the  hand  show  distinct  localisation  in  the  distribution 
of  the  ulnar ;  pain  in  the  nerve  under  pressure,  formication  caused  by 
percussion,  anesthesia  or  hypo-zsthcsia  of  the  cutaneous  area,  vaso-motor, 
sweat  or  trophic  disturbances,  mechanical  and  often  electrical  hyper- 
cxcitability  of  the  contracted  muscles,  all  these  clearly  demonstrate  the 
irritative  origin  of  these  hypertonic  syndromes. 


Nothing  could  be  more  variable  than  the  contracted  attitudes  produced 
by  irritation  of  the  ulnar ;  indeed,  the  different  muscles  supplied  by  this 
nerve  have  antagonistic  functions,  and  according  as  any  particular  group 
is  preponderant  we  find  altogether  different  attitudes.  Nor  must  it  be 
forgotten  that  contraction  becomes  fixed  and  intensified  by  immobilisation. 
Contraction  in  flexion,  for  instance,  becomes  contraction  in  extension,  if 
after  overcoming  it  we  immobilise  it  in  this  attitude.  We  may  con- 
sequently see  in  one  and  the  same  patient  different  attitudes  succeeding 
one  another.     The  main  types  we  will  now  review. 

Sometimes  we  have  contraction  of  the  muscles  of  the  hand,  producing 
the  «•  accoucheur's  hand  "  type  described  by  Froment  and  Babinski.  The 
fingers  are  pressed  against  one  another  or  even  intercrossed  by  contraction 
of  the  (lalmar  intcrossci ;  the  thumb  is  immobilised  by  the  adductors,  the 
little  finger  is  kept  in  a  state  of  forced  adduction. 

As  a  rule,  contraction  docs  not  affect  the  thumb  and  is  even  at 
times  confined  to  the  hypothenar  eminence  ;  the  little  finger  is  in  forced 
adduction  and  obliquely  crosses  the  anterior  surface  of  the  other  fingers. 

In  all  cTscs,  there  is  immobilisation  of  the  fingers  in  extension  by  the 
action  of  the  iiiterossei  on  the  second  and  third  phalanges. 

\Vc  also  find  that  certain  cases  in  which  it  is  impossible  to  flex  the 
fingers,  particularly  the  last  two  fingers,  are  due  to  contraction  of 
the  intcrossci. 

Immobilised  when  extended,  these  fingers  do  not  oflfcr  to  passive  flexion 
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the  fibrous  and  articular  retittance  which  wc  find  in   ceruin  caxe*  of 


Fi<;  ,40.— tomraclion  limitul  to  the  hypothenmr  eminence  with  ilight  roniiartiA  of 
the  palmar  inienitKi.  Ulnar  hypo.«.ihe.ia.  Hvp.va«he«a  of  the  inlernal  cutaneous 
fain  ami  turmiralion  m  the  nenc  a.  far  ai  the  armpit.  Very  prom.iinml  trophic 
change  m  the  itlle  hnger  nail.  CompreMion  i.f  the  ulnar  ami  ,,(  the  internal 
cutaneouf  at  the  level  ..t  the  armpit,  ortlight  traction  on  the  lower  roots  uf  the  brachial 


l-K..  141— Contraction  with  exten.ion  ot  tw«  fingers;  maximum  of  n.luniary  move, 
mints.  The  fingers  may  very  rca.lily  be  flexe.l,  bm  ,hcy  immdiatily  r«,imc  their 
..riginal  attitmie  ait  though  moved  by  a  spring.  I..si„„  „f  ,lu-  ulnar  above  ihv 
cpitrmhea  Ulnar  hyp..-Mthisia  with  hyp»..:r,.l„„a  of  the-  innrri.il  .utancus 
Originally  the  patient  ha.l  contraction  in  fitxiun  of  thf  last  |»„  (iuf-vr.  :  after  oiKiiini: 
ot  the  )ianil  am  immobilisation  in  extension  for  several  weeks,  contraction  in 
extension  occurreil. 


neuritis.     Voluntary  flexion  of  the  first  phalanx  is  possible  and  somctir 
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even  exitti  pernuuicntly,  thu»  >hoMring  full  movement  of  the  inteniMei. 
Paative  flexion  of  the  latt  two  phalange*  it  poMJble  and  even  tolerably 
easy,  aSbrding  the  imprewkin  of  elastic  resittance,  but  left  to  themielveti 
the  fingen  at  once  resume  their  initial  attitude  as  though  moved  by  a 
spring,  or  else  they  regain  it  slowly  af^er  a  few  minutes. 

In  other  cases  we  find  contraction  of  the  hand  along  with  flexion  of 
the  fingers ;  of  this  two  typical  varieties  may  be  described.  Sometimcn 
wc  have  flexion  of  all  the  finger*  by  the  intenmei ;  flexion  then  almost 
exclusively  affects  the  first  phalanx  ;  the  second  and  third  are  but 
moderately  flexed.  In  these  cases  there  is  often  more  or  less  pronounced 
contraction  of  the  palmar  aponeurosis,  the  existence  of  which  intensifies 


Jlfi.  ijM.— Confrartion  ot  the  hanil  in  flexiriii.  Slight  wounil  ..f  the  ulnar  in  ihi- 
mHWle  part  of  the  arm.  Liberation  of  ncrte  iw<i  monthi  after  the  wmiml.  Con. 
iraction,  whirh  apmarcd  lomr  wreki  after  the  wmiml,  hat  become  exacRrratetl  after 
operation  Complete  ulnar  anxtlheiia.  Slight  hypo.«.the»ia  of  the  mclian.  Con 
irartion  ot  the  palmar  aponeur..>i..  Pawlve  exteniion  of  the  haml  i>  piniihie  thniigli 
pamtiil ,  ri>n«eqiiriitly  the  hanti  remain*  rxtenilcil,  volimtary  flexion  impoitiblc  •-  - 
lew  hoiira  it  resumri  it>  original  flexeil  alliliiile. 


h 
in  a 


flexion  of  the  finpers  as  well  as  resistance  to  passive  movements ;  it  clearly 
indicates  irritation  of  the  nerve  trunk. 

Soon  after  wc  note  flexion  of  :h«f  List  two  fingers  on  the  h.iiui  tliroujih 
contraction  of  the  flexor  profundus,  producing  an  attitude  which  re- 
sembles, though  somewhat  exaggerated,  that  of  ulnar  grip  in  paralysis 
.nccompanied  by  neuritis. 

Whilst  in  al!  these  contractions  there  undouKti.diy  exists  a  motor  nerve 
irtltatlon  which  causes  them,  still  this  is  not  the  main  fmlor,  (K-rhaps  in 
most  cases  it  is  not  even  the  most  important  factor. 

As  a  rule,  this  irritation  acts  only  by  causing  a  snr;  i"  muscular 
hypcrtoiii.i,  an  actual  predisposition  to  contrac !io,).     VV|i;,t  iik;  .;  tlian  all 
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cIm;  favour*,  maintain*,  ami  iniciiMfics  thi»  ncurilic  contrartion  in  almost 
every  cajic,  it  immobiliwtion.  From  the  time  when  thtj  are  tlowly, 
patiently,  and  regularly  mobiliied,  these  contraction*  diminish  and  finally 
disappear. 

We  arc  justified  in  thinking  that  they  would  not  exist  for  the  most 
part  if  wc  had  practised  this  daily  mobilisation  from  the  outset,  and  if 
the  patient  had  not  »hown  a  certain  amount  of  indiflference,  or  even 
willingness,  in  allowing  contraction  to  take  place. 

This  i*  proved  by  the  habitual  preservation  of  the  movements  of  the 
thumb  J  even  when  there  is  contraction  of  the  iiirerossci,  the  adductor*  of 
the  thumb  almost  always  escape  contraction  and  retain  their  movements 


^  ir,.  14J  — Flfxion  o»  elie  bit  two  rtngrre  by  conira.liiin  ot  th<-  Ocxore.  The  aililii.k 
may  he  ihniiKht  to  \h-  <Iiic  ti>  niiiMiilar  contraction,  (or  the  woumi  hat  afltiinl  chc 
»on-  arm  In  in  inner  part.  All  the  samr,  thrre  li  n.)  cicatricial  mtuciilar  contraction  j 
complcit  rxlrnMim  may  be  obtalnfil  without  «"»»  rctintanci.',  ami  the  aiiii.Mlc  i; 
rcpro.1  iccl  wvcral  niiniUcj  attcrwanU.  Pain  in  ihr  uhiar  when  prcMic.1  on  In  ilu- 
mulilli-  part  ot  the  arm,  h>,.o  i  i  uMa  ol  ,1,  ciiianrons  area,  simultaneous  contraction 
..(the  aitiluctors  o»  .he  thuml..  .  jaiiovis  ot  the  litil,  tiller,  proCiiw  nwrats  noticed  in 
the  ulnar  pin  ot  the  hand,  point  to  m\oIvcmiiii  of  the  ulnar  mrse,  protahl>  irrliai.d 
by  a  proccM  ot  ascemtinu  iieurili«. 

which  the  pitient  finds  indispcnsablo  in  usinj;  his  h.ind  :  out  of  fifteen 
casts  of  I.  Hiracfion  in  the  rt^ioti  of  the  uhiar,  only  twice  Imvc  wc  found 
iiniiiobilis:ition  of  the  thumb  by  the  tontracteil  .til.luitors. 

It  must  be  remembered  that  these  ncuritic  contractions  are  ;ihnost 
always  partially  functit.iial  ;  j;reat  care  must  be  taken  to  (.remit  their 
apiK-aranio  or  (KTsistence  by  pr-ncfisini;  iniihilisation  on  the  patient  at  an 
eaily  st.ajjc  .and  above  all  by  requiring  that  he  himself  slioul.l  do  everythim; 
|>os>ible. 

Once  contuction  lia^  been  exalihMied,  mass.ii»e,  hot  baths,  mobilisation 
under  warm  w  iter,  the  faradic  bath  with  metronome  rhythm,  ha.e  in- 
variably given  excellent  results. 


CHAPTER  Vin 
MEDIAN  NERVE 

ANATOMY 

Tm»  median  nerve  originates  in  the  brachial  plexus  from  two  head. : 
the  outer  head,  coming  from  the  outer  cord  along  with  the  muHculo- 


Birrpt 


Muw.  cut. 


Brar.  Ant 


Miiiriilo-spiral 
Ext.  cut.  hr. 

Muuiilo-ipiral 


t«M»r  int.  rill. 


Median 


Brachial  aritry 


ITInar 


Ricrpi 


fir..  144.— Dee,,  nenrci  ot  the  arm  (after  Hirsclilclil  .no.li(iecl). 
Anterior  a»|K'rt. 

cutaneous  brings  to  it  fibres  of  the  sixth  anJ  seventh  cervical  roots  ;  the 
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Jnntr  head,  coming  from  ths  inner  cord  trunk,  along  with  ih«  ulnar, 
Nipplin  it  with  fibrct  from  lh«  eighth  cervical  and  of  the  firm  donai. 

The  median  nerve  dcKende  into  the  armpit  in  front  of  the  axillary 
•rtery.  It  proceeds  along  the  inner  tide  of  the  arm,  lying  again»t  the 
Inner  tide  of  the  biceps ««  <"»«»  of  "nd  outtide  the  brachial  artery,  which, 


Miitnilo-tpiral 

Km.  hranrh 

Kufi.  long. 
Flr«.  iuhlim. 

K»i.  carpi  rxl.  Umght  - 
M.i«  iilo.»pinil  (»ni.  broiidi) 


Pron.  i)u»lr4liis 


Thtiiar  rininrncc 


PnMial.  ratlii  irm 

fin.  rarpi  iilmir 
Cliiar  N. 
■  ■  VWx.  pfirf. 
Anterior  inlerottcout 


('lii»r  (ilnnal  biani  h) 
Deep  branrh 
SiiiK-rticiai  branrh 


^l'■.  us.— DiTp„irrvr.  ot  the  ton-.arm  an.l  nirvrs  ut  the  Imihl  (.ittrr  HirHht.1.1), 

at  its  lower  part,  crmscs  its  deep  surfaie  .iiid  becoino  extern:.!  to  it  It 
prcKecilN  in  front  ot  and  ,mt.4e  the  ulnar,  which  is  closely  united  with  it 
as  far  .is  the  lower  third  of  tht  arm. 

At  this  level,  the  ulnar  separates  itself  from  the  median   to  rcich  the 
cpitrochlean  groove  which  is  k-hind.  whilst  the  median  slightly  inclines 
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outwards  in  order  to  draw  nearer  to  the  middle  line  of  the  upper  limb  at 
the  bend  of  the  elbow. 

In  the  fore-arm,  it  proceeds  between  the  two  heads  of  the  pronator 
radii  teres,  and  disappears  beneath  the  superficial  flexor.  It  descends  in 
the  middle  line  resting  on  the  flexor  profundus,  covered  by  the  superficial 
flexor.  Below  the  fleshy  body  of  this  muscle,  at  the  lower  part  of  the 
fore-arm,  where  it  becomes  superficial,  it  appears  between  the  tendons  of 
the  flexor  indicis  and  the  tendon  of  the  flexor  carpi  radialis. 

It  passes  on  to  the  wrist  under  the  annular  ligament  of  the  carpus  ; 
occupies  the  anterior  compartment  of  the  radio-carpal  canal,  and  divides 
into  Its  terminal  branches  :  the  inner  trunk  and  the  outer  trunk. 
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Motor  Branches 

The  median  nerve  docs  not  supply  any  branch  whatsoever  to  the 
arm,  except  a  few  twigs  for  the  brachial  artery  and  the  articulation  of  the 
elbow. 

I.— All  the  branches  of  the  median  in  the  fore-arm  are  exclusively 
motor,  except  the  palmar  cutaneous  branch,  which  appears  a  little  above 
the  wrist  and  is  destined  for  the  hand. 

1.  Upper  nerve  to  the  pronator  radii  teres. 

2.  Nerves  to  the  superficial  muscles  of  the  fore-arm,  destined  : 
For  the  pronator  radii  teres  (lower  nerve). 

For  the  flexor  carpi  radialis  and  palmaris  longus. 

For  the  superficial  flexor. 

All  these  branches  originate  close  to  the  elbow  (Cruveilhier)  ;  but 
some  accessory  twigs  also  become  detached  lower  down,  particularly  for 
the  flexor  of  the  index. 

3.  Nerves  of  the  deep  layer,  comprising  : 

A  branch  which  supplies  the  two  external  heads  of  the  flexor  profundus ; 

A  branch  destined  for  the  flexor  of  the  thumb ; 

A  branch  which  descends,  under  the  name  of  anterior  interosseous 
nerve,  in  front  of  the  interosseous  ligament,  supplies  the  pronator  quadratus 
and  rciches  the  proximate  articulations  of  the  carpus,  where  it  ends. 

II.— In  the  hand,  the  median  nerve  supplies  : 

I.  The  muscles  of  the  thenar  emiiiLiice  by  three  bmnchcs,  origi- 
nating in  its  external  branch  and  destined  : 

For  the  abductor  of  the  thumb  ; 

For  the  opponens ; 

For  the  flexor  brevis. 

The  median  does  not  supply  the  adductors  of  the  thumb,  which  the 
ulnar  supplies  in  the  same  w.-iy  .is  the  intcrossei. 

It  also  supplies  only  the  superficial  part  of  the  flexor  brevis  ;  the  deep 
he.id  IS  supplied,  partially  at  least,  by  the  ulnar. 
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2.  The  first  two  lumbricales,  by  branches  originating  in  its  inner 
branch.     Occasionally  it  also  supplies  the  third  lumbrical. 

Sensorv  Branches 

Whereas  in  the  fore-arm  the  median  nerve  is  exclusively  motor,  in  the 
hand  it  is  mostly  sensory. 

I.  Palmar  cutaneoui  branch.— This  collater.-.!  branch  appears  a  little 
above  the  wrist  and  disappears  in  the  skin  of  the  thenar  eminence  and  of 


Miisculo.spiral  N.  (cxt.  br.) 
MuM'ulu-cutaneuus  N. 


Musculu-ciitaneous  N.  (ant.  br.) 
MiiH'ulo-ciitaneuus  N.  (;iost.  br.) 

M>iK-ulu-cutaneuu9  N.  (ant.  br.) 


Anastom.  imisc.  cut.  and  musc.-spiral 


Collat.  thuinb{ 


Int.  cut.  nerve  (antcr.  br.) 
_  Int.  rut.  nervi-  (anicr.  braiu  h,  txt. 
twis) 


Inter,  cut.  nene.  (aniir.  iiranch, 
inter,  twis) 


Anastom.  cutan.  branch  and  ulnar 


Median  N.  (palm,  cutan.  branch) 


Col.  digital 


Anterior  aspect. 
Fig.  146. — Cutaneous  nerves  of  fore-arm  ami  hand.    (After  Sappey.) 

the  palm  of  the  hand,  which  it  supplies  as  far  as  the  middle  palmar  crease. 
[  2.  The  external  terminal  branch  of  the  median,  from  which  also 
originate  the  motor  branches  of  the  thenar  eminence,  supplies  : 

The  external  digital  collateral  nerve  of  the  thumb ; 

The  internal  digital  collateral  nerve  of  the  thumb  ; 

The  external  digital  collateral  of  the  index. 

3.  The  internal  terminal  branch  supplies  through  the  inter-digital 
nerves  of  the  second  and  the  third  space : 
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The  internal  digital  collateral  of  the  index  and  the  external  collateral 
of  the  middle  finger  ; 

The  internal  collateral  of  the  middle  finger  and  the  external  collateral 
ot  the  nng-finger. 

All  the  digital  collaterals  of  the  fingers  except  those  of  the  thumb. 
succ«s.vely  send  out  a  dorsal  branch  for  the  second  phalanx  and  one  for 
the  third  phalanx,  so  that,  in  the  case  both  of  the  median  and  of  the  ulnar, 
the  dorsal  surface  of  the  last  two  phalanges  is  supplied  by  the  palmar 
nerves  :  the  thumb  and  the  fifth  finger  alone  form  an  exception  to  this  rule 


Anastomotic  Branch 

It  is  useless  to  enumerate  the  terminal   anastomoses  of  the  median 

a  ong   with    the   musculospFral,    the    ulnar,   or    the   muscul<M:utaneous. 

Unlike  those  of  other  nerves  they  have  no  interest  for  the  clinician.     T'-s 

IS  not  so  in  the  case  of  the  anastomosis  supplied  to  the  median  by  the 

musculo-cutaneous,  at  the  middle  of  the  arm.     Probably  it  supplies  the 

median  nerve  with  the  motor  fibres  coming  from  the  sixth  and  seventh 

cervical  roots  ;  it  is  the  more  t'  veloped  in  proportion  as  the  external  root 

of  the  median  is  slighter;  and  so  its  persistence,  in  the  complete  sections 

of  the  median  above  it,  would  explain  the  possible  preservation  of  some 

nerve  fibres  supplying  the  flexor  ca-pi  radialis  and  the  pronator  radii  teres. 

Ihe  median  also  receives  .  the  .rm  a  d  the  fore-arm  some  slight 
anastomotic  twigs  from  the  ulnar  nerve,  capable  of  supplying  occasionally 
substitutionary  fibres  to  the  flexor  profundus  of  the  middle  finger 
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Motor  Syndrome 

I- — The  median  nerve  in  the  fore-arm  is  exclusively  motor. 

It  controls  : 

i.  Pronation  by  the  pronator  quadratus  and  the  pronator  radii  teres 

Babinski  found  that,  in  ;  aralysis  of  the 
median,  electrical  stimulation  of  the  biceps 
produces  supination  more  pronounced  than 
in  the  normal  state  as  a  result  of  lack  of 
antagonism  of  the  pronator  radii  teres. 

2.  Flexion  of  hand  on  fore-arm  by  the 
fle;:or  carpi  radialis,  etc. 

Nevertheless,  in  paralysis  of  the  median, 
slight  flexion  of  the  hand  is  still  possible 
by  the  flexor  carpi  ulnaris,  and  the  synergic 
contraction  of  the  supinator  longus  and  of 
the  extensor  ossis  metacarpi  pollicis. 

3.  Flexion  of  the  fingers  by  the  super- 
ficial flexor  and  the  flexor  profundus.  In 
spite  of  paralysis  of  the  median,  flexion  of 
the  last  two  fingers  remains  possible  by 
merrs  of  slips  of  the  flexor  profundus  sup- 
plied '<y  rhe  ulnar. 

The  fingers  which  cannot  be  flexed  in 

paralysis  of  the  median  are  the  thumb,  the 

index  and  middle  finger. 

Flexion    is    absent    in    the     last    two 

phalanges  only  ;  the  ulnar   bt.nj,  capable, 

through  the  interossei, 
of  flexing  the  first  pha- 
langes of  middle  finger 
and  index  on  the  meta- 
carpus. 

On  the  other  hand, 
in  spite  of  the  typical 
anatomical  Ues  riptions, 
the  middle  finger  can 
frequently  he  flexed  in 
paralysis  of  the  median. 
This  is  not  only  owing 
to  the  aponeurotic  fibres 
which  unite  the  flexors 
of  the  middle  finger  to 
those  of  the  ring-finger,  but  to  actual  muscular  contraction.    It  must  of 


•47.  KlG.  148. 

Muscles  supplied  by  the  median 
in  the  fore -arm. 

Pio.  147.— Superfiiial  layer.  Pro- 
nator railii  teres.  Flexor  carpi 
radialis.  Palmaris  longus. 
Superficial  flexor. 

Fir.  148.— Deep  layer.  Pronator 
quadratus.  The  two  external 
fasciculi  of  the  flexor  profundus. 
Flexor  of  the  thumb. 


149. — Superficial  layer.         Fig.  150. — Deep  lay?r. 
Muscles  supplied  by  the  median  in  the  hand. 
Fk;s.    149    and    150. — Abductor   pollicis.      Opponcns. 
Flexor  brevis  pollicis.     The  first  two  lumbricales. 
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necessity  be  admitted  that  the  flexor  profundus  of  the  middle  fingcr^is 
very  often  supplied,  partially  at  least,  by  the  ulnar  * 

II.— In  the  hand  the  median  nerve  supplies  all  the  muscles  of  the 
thenar  eminence,  except  the  adductors  and  the  deep  head  of  the  flexor 
brevis. 

Paralysis  of  the  median  is  mainly  characterised  by  loss  of  the  opposition 
and  flexion  movements  of  t'le  thumb,  whilst  adduction  persists. 

The  patient  can  grasp  an  object  firmly  and  press  it  between  the 
first  phalanx  of  the  thumb  and  the  base 
of  the  index,  but  he  cannot  pinch  it 
between  the  end  of  the  thumb  and  the  last 
phalanxes  of  the  index  ;  still  less  between  the 
thumb  and  the  end  of  the  other  fingers. 

On  the  other  hand,  the  thumb  is  cipable 
of  slight  external  rotation. 

Nevertheless,  energetic  contraction  of  the 
adductors  enables  it  frequently  to  move  to 
the  ulnar  edge  of  the  hand,  by  crawling, 
so  to  speak,  against  the  base  of  the  fingers. 
This  is  the  pseudo-opposition  of  the  thumb 
described  by  H.  Claude,  facilitated  by  lack 
of  tone  in  the  other  thenar  muscles  and  by 
articular  laxity. 

The   flexion   movements  of   the  thumb 
P  ...="■•=   completely   suppressed    (long  and   short 

;;;rai;.ro'?',"herE.'''Ti"e  fl^^"^")'  >*""'  =»  ^"ght  flexion  movement  of 
thumb  in  its  ioiir»e  inwanis  ^^^  second  phalanx  is  occasionally  ixissiblc  by 
Emln'r  .He  '^l^  ^^'^^  means  of , he  deep  head  of  the  flexor  brevL' 
fingers.    Then  the  little  finger  *  '"-"    median   ilso  supplies    in    the  hand 

is  bent  inwanis  to  reach  the  the  first  two  lum'uricaks,  but  paralysis  of 
these  muscles  is  fully  compensated  for  by 
integrity  of  the  interossei  and  causes  no 
motor  disturbance  whatsoever. 


extremity  of  the  pulp  of  the 
thumb.  (Clau.le,  Dumas,  and 
Piiracic,  Pnise  Me  J.,  lo  June, 
">'S-) 


Sensory  Syndromf. 
The  sensory  region  of  the  median  comprises  : 

1.  The   external    part    of   the    palm    of  the    hand,    though    without 
reaching  the  outer  side  of  the  thumb  ; 

2.  The   palmar   surface   of  thumb,    index    and    middle   finger  •    the 
external  half  of  the  ring-finger  ; 

3-  The  dor.«l  surface  of  the  second  and  third   phalanges  of  the  index 
and  the  middle,  and  the  external  half  of  the  ring-finger. 

In  the  median,  however,  as  in  the  ulnar,  total  anarsthcsia  is  usually 
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confined  to  a  ,x,rtion  only  of  this  region,  almost  always  to  the  index  •  it 
Td  "Jl  i"""'    '"  •''""""""J  ^  we  approach  the  regions  of  the  ulnar 


Fn:s.  152  ami  153.— AnalcmiUal  region  i.fihc  mnlian. 


Fk.s.  IS4  and  i55._Usnal  topography  of  1 


;s=:'--™^"i^"-'Sr;^;=^ 


liypo-a-bthesia,   ami    slight 


Trophic  Syndrome 

h»„7ri"'  ''if'"'':''""''  "^  "^"--'"'^  °f  'he  median,  affect  the  palm  of  the 
hand  far  less  than  do  those  ot  the  ulnar;  they  are  confined  clLv  to  the 
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fingers  particularly  the  index  and  the  middle  finger ;  tficy  affect  the  thumb 
to  a  less  degree  and  the  ring-finger  but  slightly.  They  act  mainly  on  the 
second  and  third  phalanges  as  well  as  on  the  nails  of  these  fingers,  the 
deformities  of  which  are  obvious  and  pcreistent. 

Apart  from  the  various  neuritic  disturbances  we  shall  study  later  on, 
we  may  note  in  simple  lesions  of  the  median,  the  cyanosis  and  redness 
of  the  innervated  fingers,  chiefly  the  index  ;  dryness  of  the  skin,  or,  on 
the  other  hand,  profuse  sweats  in  the  cutaneous  region  of  the  nerve,  also 
a  tendency  to  chilMains. 

Finally,  in  very  rare  cases,  we  may  note  the  appearance,  at  the  end  of 
the  fingers,  of  ecchymoses,  or  occasionally  of  small  ulcers,  caused  by  various 
mechanical  or  chcir.'cal  irritants. 

Muscular  atrophy  in  c.iscs  of  paralysis  of  the  median  is  shown  mainly 
by  the  flattening  of  the  lower  (lart  of  the  fore-arm  following  atrophy  of 
the  pronator  quadratus. 


CLINICAL  FORMS   OF  LESIONS  OF  THE   MEDIAN   NERVE 

In  the  case  of  the  median,  even  moreth.-in  of  the  ulnar,  it  is  not  e.isy  to 
diflfcrentiate  between  complete  interruption  and  simple  compression. 

Muscular  hypotonia  is  difficult  to  establish  ;  muscular  atrophy  of  the 
epitrochlear  and  thenar  miiscies  is  more  rapid  and  pronounced  in  nerve 
interruptions,  but  sometimes  it  is  not  easy  to  judge,  by  re.ison  of  the 
preserv.ation  "f  the  flexor  carpi  ulnaris  and  of  tlie  internal  fasciculi  of  the 
flexor  profundus.  The  main  signs  of  interruption  are  the  early  appear- 
ance and  the  intensity  of  the  electrical  disturbances,  the  constancy  of 
an;i-sthesia  and  the  fixity  of  formication  which  is  found  at  the  level  of  the 
lesion. 

We  will  study  in  succession  : 

1.  Paralysis  of  the  median  above  the  .nitrochlear  muscles  ; 

2.  Lesions  of  the  median  below  the  epitrochlear  muscles; 
J.   Dissociated  paralysis  of  the  median. 

4.  Neuritis  of  the  median. 

5.  Causalgia  of  the  median. 


I.    COMPLETE  PARALYSIS  OF  THE  MEDIAN   IN  THE  ARM 
ABOVE  THE  EPITROCHLEAR  MUSCLES 

Paralysis  of  the  median  is  not  shown  when  at  rest  by  any  special 
attitude.  It  is  revelled  solely  by  movement.  Pronation  is  impossible 
however  little  resistance  is  offered  to  it ;  flexion  of  the  hand  on  the  wrist 
which  is  very  feeble,  occurs  only  by  means  of  the  flexor  carpi  ulnaris  • 
flexion   of  thumb,  index  and  middle  finger  is    impossible  ;  they  remain 
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extended  if  the  patient  trie*  to  »hut  his  lund,  whcrcu  the  la»t  two  fingcn 
arc  strongly  flexed  by  the  flexor  profundus  alone. 


Kl<;.  ij6.— Paraljjis  ..t  the  mdian  nrrvc.     Complete  inierrtiplion  above  the 
e|>itrorhlca.     Maximum  flfxion  ohhe  tingcrs. 

Wc  must,  however,  qualify  some  of  these  statements. 
On   the  one  hand,  the  middle   finger  may  often  be  slightly  flexed, 
bemg  aflfectcd  by  movement  of  the  ring-finger,  on  account  of  the  apo- 


neurotic slip  which  unites  their  extensor  tendons  on  the  dorsal  surface  of 
the  hand.  It  frequently  happens  that  flexion  of  the  middle  finger  is  almost 
complete  when  the  ulnar  supplies  a  branch  to  its  flexor  profundus. 
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On  the  other   hand,   the   intvroMwi   nrc   capable   o(  Hcxinn  the  »ir-.t 


yuii.  1 51  an<l  1 59.-Compl«t<:  ,.araljii,  nt  the  mclian  nerve.     Im|K>uihl, 
til  dix  the  index  finger. 

phalanx  of  index  and  middle  .ingcr  on  the  metacarpus,  but  the  last  two 

phauiiigcs  remain  extended. 
It  is  easy  to  eliminate 
the  cause  of  error  pri  luced 
by  the  action  of  the  inter- 
ossei  and  to  show  that  flexion 
of  the  second  and  third 
phalan{;cs  is  im|>ossihlc  by 
requesting  the  patient  to 
intertwine  the  fingers  of 
both  hands  and  then  to  close 
them.  It  is  noticed  that 
the  index  fint'cT  and  the 
thumb  remain  extendcil, 
that  flexion  of  the  middle 
finger  is  slight,  whereas  the 
last  two  fingers  can  be  flexed 
strongly.     (Pitres.) 

Again,  if  the  patient  is 
ordered  to  flex  his  hand  on 
his  wrist  and  his  fingers  on 
his  hand,  wc  notice  exten- 
sion of  the  index  finger  ; 
this  would  seem   to    be  an 

r ,,  ,.  ,.,  .,  irrefutable  sign  of  paralysis 

ofthcmedwn.     (M.  and  Mme.  Dejerine.) 

Even  more  simply  wc  mav  firmly  fix  the  first  phalanx  of  the  index 


•    I  60.  -Paralysis  iit  ihc  ,„e,|ian  (lirst  si-n).    On 
the  l,tt  sule,  the  (.aticni  raimot  liring  thi-  thiiinh 


in  linnt  ot  the  ini.l.lle  Hn-er  as  .mi  the  ri-ht  side 
(Llau.le,  Dinnas,  and  I'.uaik,  Hr.'s,  Me./  ,r 
June,  1915.)  ' 
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fintKt  an.l  ask  the  patient  to  Hex  theother«  ;  alternatively,  hi»  hand  resting 
Hat  on  a  table,  the  (xitient  Is  adted  to  si  rati  h  the  table  with  the  nail  ol  the 
index  finger.     (Pitres  an.l  Testut.) 

Finally,  the  thumb  has  l.„t  all  its  |M.wer  of  Hexion  and  o(.|x.sitioM.  If 
the  iwient  is  ordered  to  vIom;  hi.  fi,t,  it  is  found  that  the  thun.l,  a.nains 
extended  and  cleaves  to  the  index  finger  instead  of  bcinii  flexed  in 
opjiosition  in  front  of  the  oi  cr  f  ,geri.  (fimt  sign).     (H.  Claude.) 

There  may  sometimes  he  observed  manifest  dissociation  in  paralysis  of 
the  c,,„r.Khl.ar  muscles ;  the  pronator  radii  terc-s,  the  flexor  carpi  rad.alis, 
and  the  palmaris  longus  have  partially  retaineil  their  movement*  and  still 


K,.  if.i.— I)i»,,„iain|  ,uralysis  ..t  ilu-  im.liaii.     Iiiicjiritv  ot  ilu'  (.n.naior  ra.lii  Kru, 
»riM    *'"'  "'''"         "'"•  "'"'  ''"■'  l«»'"''>fi»  l""g"N  "liiili  btiomc  promiiioii  at   tlic- 


preserve  slight  himdic  contr.utility,  whilst  the  flexors  are  paralysed.     This 
dissociatioii  may  be  found  in  three  forms, 

1.  As  the  result  of  lesion  of  the  nerve  at  the  bend  of  the  elbow,  below 
the  twigs  destined  for  the  pron.itor  radii  teres,  the  flexor  carpi  rai!lalis  and 
the  palmaris  longus. 

2.  From  lesion  of  the  'icrve  at  the  level  of  the  arm,  giving  rise  to  a 
drssonatcd  syndrome.  We  have  observed  this  several  times,  but  it  cannot 
be  affirmed  that  lesion  of  the  nerve  is  partial  in  a!'  these  ca>es.  Indeed  it 
may  be  remembered  that  the  aii.istomosis  coming  from  the  musculo- 
cutaneous brings  fibres  o''  the  fifth  and  sixth  cervicals  to  the  median,  most 
ot  these  fibres,  actual  ab^.rant  fibres  of  the  external  root  of  the  median, 
seem  destined  for  the  pronator  r.-dii  ten-,  and  the  flexor  carpi  radialis, 
indeed  we  sliall  see  (brachi.d  plex;  .)  th.-it  the  external  and  superior  root  of 
the  median  evidently  to  a  large  extent  supplies  the  pronator  radii  teres,  the 
flexor  carpi  radiali^,  and  the  i>;i!maris  l.mgus. 
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3.  This  dJMnciation  i«  aliui  noted  in  the  cour«c  of  pti)urc»»ivc  rejicnera- 
tion  c»r  the  nerve  ;  the  flexor  carpi  radialis  the  palmaris  Um^us,  an !  the 
pronator  radii  tere»  regain  their  movement*  be''    .•  the  other  flexorx. 


II.-PARALYSIt  OP  THB  MBOIAN  IN  THB  FOREARM  BELOW 
THE  EPI TROCHLEAR  MUSCLES 

Lesion  of  the  median  in  the  fore-arm  i»  indicated  vilely  by  pralyiis  of 
the  thenar  eminence  and  by  an.i'»the>ia  of  the  hand. 

The«c  disturbances  arc  exactly  similar  to  those  found  in  total  paralysis 
«)f  the  median  ;  still,  it  is  well  to  »tudy  paralysis  of  the  thenar  muscles  a 
little  more  clo«ely,  and  to  compare  it  with  ulnar  jwraly!  i... 


Klf.    i6j.— Alro|>liy  ■,(  the  thenar  ciiiinfiin  in  (.aralyjis  of  thi:  median. 

If  paralysis  is  of  long  standing,  atrophy  of  the  thenar  eminence  is  very 
obvious  but  the  paralysis  is  chiefly  shown  by  atroph)  of  the  abductor  anil 
of  the  opponens  ;  it  induces  flattening  of  the  thenar  eminence  ;  a  Hat  arva 
or  even  a  depression  running  parallel  to  the  first  metacarpal,  replaces  the 
normal  pr<ijection.  This  atro;)h.  su|>er(icial  ;  it  is  not,  as  in  ulnar 
paralysis  atrophy  of  the  dee;  mus.  ....r  layers  (adductors  of  the  thumb  and 
deep  head  of  the  flexor  brevis;.  Owing  to  integritv  of  the  flexor  longus 
pollicis  flexion  of  the  thumb  is  not  abolished. 

The  only  movement  which  is  really  absent  is  that  of  opposition  ;  still 
It  IS  sometimes  difficult  to  discover  this.  Indeed,  if  the  patient  is  .-isked  to 
touch  with  the  extremity  of  the  flexed  thumb  the  extremity  of  some  other 
finger,  it  is  found  that  the  movement  is  possible  ;  this  is  not  done,  all  the 
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wmc,  hy  frankly  Mtliiijj  the  one  Agaiii»t  the  oifur,  it  U  cfrvctril  hv  Avwim 
i>»  the  thumb  in  the  hand  and  Avxiou  i>(  th(  ri|ii.T»  our  its  ixtrimitv  i 
thumb  and  fingcw  no  lonjicr  meet  itt  the  pulp,  a»  in  ixirinal  opixwition,  (iiu 
on  their dontal  or  lateral  side  j  it  is  n  ia>e  o»  |)M:udi»>np|NMition. 

Finally,  although  the  flexors  ?rc  entirely  retained,  we  munt  here  noti 


•■■"••  '«J-  Kk,.  i6+. 

Ki...  i«3._N..rmal  •>i>p<>iltloii  in  a  hcalihy  Mihjcct.  The  fingrr.  arc  roini.lclilv  ami 
""'ly  <>|>|>oM-.l  i  roiatli.n  ..»  thi'  ihuiiih  l<  mmiil.  ic. 

H...  164.-1  Hu.l.....|.,K)iiti..n  in  a  ,.isc  ..(  v.ctinn  ot  ll.c  ,  u.flan  at  lIu-  ,ui5t.  Tlu' 
.MK.r.  arc  „,,,H»n  al  thnr  s..lr».  Il.c  ihuml.  i,  Hvxr.l  by  .,  .m„  flcx„^  ,„n,,li.,l  in 
tin- ti.rc-arni,  tar  alx.vc  ll.    ivijun.l.  M  " 

the  frequency  of  their  functional  paralysis,  a  pscudo-para!y>i^  ..sed  by 
aiKisthesia  of  the  hand  :  no  lon-er  feelinj:  his  Hniifr-,  tii--  patient  thinks 
that  they  are  paralyse.l  and  does  not  even  atteitipi  to  ;  ■  tliiiii.  We  shall 
return  to  this  jxjint  when  we  discuss  diau'iosis. 


IM.-DISSOCIATED  PARALYSES  OF  THE  MEDIAN 

The  median,  like  the  ulnar,  may  show  partial  lesions  an.I  .lissociated 
para  Uses. 

We  have  mentioned  the  relative  preservation  of  the  pro.-,tor  radii 
teres,  the  flexor  carpi  radialis,  and  the  palmaris  lonu-us  sometimes  found  even 
in  certaui  complete  interruptions  of  the  nerve  in  the  upper  part  of  the  arm  . 
possibly  ui  these  cases  the  motor  fibres  originate  in  the  anastomosis  of  thj 
musculo-cutaneous.  All  the  same,  more  complete  .lissociations  may  be 
found.  ' 

In  certain  cases,  for  instance,  there  is  found  to  be    ompl.f  paralvsisof 
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the  flexo.^  supplied  by  the  median  ,  flexion  of  the  index  finger  is  impossible  • 
flex.on  of  the  other  fingers  takes  place  solely  through  thf  fesciX  he 
flexor  pro  undus  wh.ch  s  supplied  by  the  ulnar.  The  pronator  radiiL  e\ 
however  the  flexor  carpi  radialis.  the  muscles  of  the  thenar  eminence  a  fd 
above  a  1,  the  opponens  have  retained  their  movements  ;  the  flexor  bni 
poilicis  IS  weakened  but  not  wholly  paralysed  ^ 

In  these  cases,  the  lesion  affects  the  inner'  part  of  the  nerve. 

We  have  noted  three  cases  of  this  dissociated  form  ,  the  first  two  were 


the  u,.p„„cnB.     Woinul  in    he  middle  f,f  .1    ^    '  a-  ' •'  i""""'"  "^'"  '""•  ""''  "* 
nene*  "^'"^  "*  ''"^  "•»  aft"Hng  only  the  inner  part  of  the 

''Th;"»;;f;"r:;",rerg:Trin:to;^;r^^^^^   :^''  ■"""''"•  '"H'""  "«=  «"••"• 

an.l  the  thenar  enfiVe'.c.  P™""'""''"  '"'■».<'•'■  «arpi  ra.lialis.thcVahnaris  longus, 
accompanied  by  no  sensory  disturb..ncc  whatsoever;  in  the  third  there 
"■' W^l "  r7""'H''"r^'''^^''^  "' ''''  ''-•^'^"■'""'°"  of  thJ  med' an    "^ 

it  is  "a:;t\rLt:^:  t  :Th"u;rr^  ""^^"  ^^  ■'i.^-^'-"^'  '-'-^ 

Hexnr,-o,„-  r  '  ,  ""^  °'  '"'^  tHumb,  the  pronator  radii  teres  and  the 
"  nonZti        ""  ''"'  ''''''''''''  '''^-'■""^"-  of  sensory  disturbances 

terelMrf ;''"  '•P.''"-''-' V '''«'  ">e  fibres  destined  for  the  pronator  radii 
cres,  the  flexor  carp,  rad.al.s,  the  flexor  poilicis  and  the  muscles  of  the 
thet^r  etn.nence  occupy  the  outer  part  of  the  median  nerv" 

intenial:  "''^  "''"  "''°"'  ""  ''"^  """=^  '-''.  -«-■  «'-  -o^t 
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The  sensory  fibres  probably  hold  an  intermediate  [xwition,  since  cither 
of  these  motor  syndromes  may  involve  injury  to  them. 

According  to  the  researches  of  Pierre  Marie,  A.  cijsset  and  H.  Meige 
on  applyuig  local  electrical  stimulation  to  the  nerve  trunks,  there  are  in  the' 
median  nerve,  in  the  arm,  four  distinct  groups  of  motor  fibres  : 

Pronator  musdes  in  the  antero-cxternal  region  of  the  nerve. 

Thenar  muscles  in  the  posterior  region. 

Flexor  muscles  of  the  carpus  in  the  postero-internal  region. 

Flexors  of  the  fingers  in  the  antcro-internal  region. 


IV.-NEURITIS  OF  THE  MEDIAN 

An  essential  distinction  must  be  drawn  between  neuritis  of  the  median 
accompanied  by  considerable  trophic  disturbances,  and  neuralgia  of  the 
Teen  "ve^  ''"^"'         ''''*'"'"'^«^.  '«  which  the  name  of  causalgia  h.is 

Nerve  irritation  of  the  median  is 
characterised,  as  is  that  of  all  other 
nerve  trunks : 

1.  By  spontaneous  and  often 
very  acute  pain  ; 

2.  By  pain  on  pressure  of  the 
nerve  trunks  and  muscular  bellies  ; 

3.  By  painful  hypo-.-esthesia  or 
even  by  cutaneous  ii)per-a;sthesia  ; 

4-  By  important  trophic  disturb, 
ances  culminating  in  grife  of  the 
median. 

We  again  find  in  these  cases 
cutaneous  trophic  disturbances,  scaly 
desquamation  of  the  skin,  and  fibrous 
infiltration  of  the  dermis  ;  but  we 
must  especially  note  two  orders  of 
symptoms  :  disturbances  of  the  nails 
and  the  formation  q( grip. 

The  nails  of  thumb,  index  and 
middle  finger  are  alw.-iys  consider- 
ably  affected  in  neuritis  of  the  median. 

In  the  pronounced  form,  the  nails  are  striated,  both  longitudinally  and 
transversely,  bent  into  actual  claws;    they  grow  extremely'fast,  ..1  d  tl  -ir 
rapid  development  raises  between  the  nail  and  the  digital  pup  a  sma 
cutaneous  swelling  which,  provoked  and   increased  by  Ihe  growth  o   "he 
"ail.  IS  frequently  the  seat  of  somewhat  acute  pain. 

Trophic    disturbances   of  the    nails    in    neuritis    of    the   median    are 
absolutely  constant   and   very  well  defined.      Sometimes   eve.r.n    sliXt 


Kl(..  167.— Sub-lingual  swelling  in 
neuritis  of  the  meilian. 
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nerve  irritation,  the  nails  alone  are  affected,  and  it  is  their  special  incur- 
vation that  enables  us  to  recognise  the  existence  of  this  irritation. 

Griffe  of  the  median,  in  neuritis  of  this  nerve,  is  far  from  being  as 


hi<..  i6S. — Oriffe  of  the  median  caiiseil  by  neuritis.  Deformity  of  the  n;iil«.  (ilossy 
skin.  Atrophy  anil  fibrous  infiltration  of  the  last  two  phalanges,  cswcially  of  the 
iniltx. 


constant  and   intense  as  ulnar  griffe.     Still,  it  is  occasionally  found,  or 
suggested  at  all  events. 

It  consists  of  fibrous  contrtictioti  of  the  flexor  tendons  and  synovial 


Kic.  169. — Incurvation  of  the  nails  in  slight  neuritis  of  the  meilian. 
Immobilisation  of  the  finger  in  extension. 

sheaths,  immobilising  thumb,  index  and  middle  finger  in  moderate  though 
irreducible  flexion.  This  flexion  is  most  pronounced  in  the  last  phalanges  ; 
contraction   of  the    palmar  aponcuiosis  is  but   faintly  perceptible  and   its 
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relative  integrity  contrasts  with  the  intensity  of  its  disturbances  in  neuritis 
of  the  ulnar. 

Griffe  of  the  median  in  flexion  is  not  altogether  constant ;  for  in  cases 
of  slight  neuritis  we  often  find  immobilisation  of  the  fingers  in  extension 
along  with  adhesion  of  the  skin  to  the  dorsal  surface  of  u\e  fingers  and 
fibrous  transformation  of  the  digital  articulations.  Neuritis  of  the  median 
in  these  cases  somewhat  resembles  neuritis  of  the  musculo-spiral :  but 
whereas  articular  sclerosis  is  more  marked  in  the  case  of  the  first  digital 
articulation,  on  the  other  hand,  when  the  musculo-spiral  is  involved  in 
neuritis  of  the  median,  it  is  the  second  and  third  digital  articuLitions  that 
are  specially  affected. 

As  in  all  other  cases  of  nerve  irritation,  tie  fibrous  sequels  left  by 


Fl(i.  170. — Ncuritic  f^'iffe  of  the  median, 

irritation  of  the  median  persist  long  after  the  paralysis  has  l-een  cured  and 
may  even  terminate  in  irreducible  deformity. 

Neuritis  of  the  median  is  found  both  in  lesions  of  the  nerve,  in  the 
arm,  and  in  irritations  below  the  elbow,  even  at  the  wrist. 

It  may  exist  apart  altogether  from  paralysis,  but,  .is  a  rule,  in  such 
cases,  it  somewhat  resembles,  in  the  slight  degree  of  trophic  disturbances 
and  the  intensity  of  painful  phenomen.i,  neuralgia  of  the  median  in  its 
causalgic  form.     This  wc  shall  now  study. 


V.-CAUSALGIA   OF  THE  MEDIAN  NERVE 

Nerve  irritations  of  the  median  assume  with  the  utmost  frequency  and 
intensity  the  type  of  the  causiilgia  of  Weir  Mitchell  ;  to  such  an  extent 
is  this  so,  that  causalgia  has  been  regarded  as  peculiar  to  this  nerve. 

Whilst  this  fact  may  not  be  altogether  correct,  whilst  other  nerves, 
particularly  the  sciatic  and  chiefly  the  internal  (wpliteal,  are  capable  of 
presenting  the  same  disturbances,  none  the  less  is  it  true  that  causaiuia  of 
the  median  is  by  far  the  most  frequent  and  characteristic. 
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It  almost  invariably  accompanies  slight  lesion  of  the  nerve,  without 
paralysis  or  ana-sthcsia,  but  appearing  all  of  a  sudden  and  accompanied  by 
almost  purely  painful  symptoms  and  a  minimum  of  trophic  disturbances. 
•  •      .  •  •  • 

Immediately  after  the  wound  pain  manifests  itself,  but  it  gradually 
increases  during  the  following  days,  usually  reaching  its  culminating  point 
after  ten  or  twenty  days. 

Patients  complain  of  ter.ible,  intolerable,  persistent,  paroxysmal  pains 
both  day  and  night  ;  these  pains  are  essentially  localised  in  the  hand,  but 
they  spread  over  the  upper  part  of  the  arm,  even  though  the  wound  is  in 
the  fore-arm  or  the  wrist. 

The  pain  is  a  special  and  a  violent  one,  characterised  by  a  sensation  of 
persistent  burning,  whence  the  name  of  causalgia  (ic«u<T/t,  burning). 

Cold,  heat,  the  slightest  con- 
tact, cause  the  most  atrocious 
pain.  What  patients  most  dread 
is  contact  with  the  air  and  dryness 
of  the  hand  ;  tepid  water  often 
relieves  them,  and  we  see  them 
wrapping  round  their  hands 
moist  cloths  which  they  con- 
stantly renew.  It  is  also  to  be 
noted  that  profuse  perspiration 
of  the  hand  frequently  takes 
place. 

It  is  not  only  cutaneous  ex- 
citations of  the  hand  that  cause 
painful  parox)'sms,  movement  of 
any    kind     is     painful  ;     simple 
swinging    of    the     hand     when 
walking    causes    intolerable    re- 
crudescences   in    these    patients. 
Strong  emotion,  an  approaching 
carriage,  an  unexpected  sound,  the  banging  of  a  door,  a  brilliant  light,  the 
dizzy  sense  of  void  in  a  staircase  ;  any  of  these  may  bring  on  a  terrible 
and  painful  crisis. 

Thus  we  find  in  these  patients  special  symptoms  :  emaci..ted  by  reason 
of  uisomnia  and  loss  of  appetite,  they  are  gloomy  and  peevish,  they  will 
neither  talk  nor  go  outside,  they  seek  solitude,  silence  and  obscurity  ;  they 
walk  slowiy,  with  short  steps,  to  avoid  all  shock  ;  if  any  one  appro.iches 
them,  they  slink  away,  carefully  protecting  the  hand  from  all  contact  by 
concealing  it  behind  the  Kick,  or  placing  the  other  arm  round  it  as  a 
shield.  The  hand  is  carefully  enveloped  either  with  a  glove  or  with  wet 
cloths,  which  some  of  them  keep  renewing,  even  during  conversation. 

If  these  patients  are  examined,  we  are  surprised   to  find  that  there  is 


Fk;.  171. — Position  of  the  hand  at  rest. 
This  is  not  a  paralytic  posture  ;  but  im- 
mobilisation caused  by  pain.     (Dejcrinc.) 
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no  paralysis  ;  the  hand  is  simply  immobilised  as  a  result  of  pain.  Nor  is 
there  complete  anesthesia,  though  often  very  intense  and  painful  hyper- 
;t;sthesia  ;  more  than  this,  whereas  the  slightest  touch  of  the  skin  causes 
intolerable  suffering,  firm  pressure  on  the  integuments  is  not  very  painful, 
pressure  on  the  muscles  of  the  fore-arm  is  not  at  all  painful,  that  on  the 
nerve  but  slightly,  except  near  the  hand  It  is  excitation  of  the  surface 
that  is  painful,  not  deep  excitation  as  in  tases  of  neuritis. 

Trophic  and  vaso-motor  disturbances  are  insignificant  and  of  a  rather 
speci.il  nature. 

Usually  the  skin  is  not  thickened  as  in  cases  of  neuritis  ;  on  the  con- 
trary it  is  thin,  smooth  and  glossy,  with  an  onlon-rind  appearance.  It  is 
often  red  and  almost  alwavs  moist. 


F  I'..  I  ;i.— TnpDjjraphy  of  the  ilisturUatHTs  ot  olijiclivc  scnsiWIiiy.  These  iliMurhaiiits 
ixttii.l  beyoiu'  'liir  iiilancous  region  of  llic  iiitdian.  a,  Hypci-tsthtsia  to  sli^jhl  ion- 
tact  (wisp  of  onion  ivool).  A,  Hy|>er-i-5thisia  to  pin-prirk."  c,  Hypi-»sthcsia  to  lical. 
Ohliqiu  /iiili/iinf^  .  thf  heat  is  less  .listiiietly  felt,  Hoiix.cntut  i:iilchin\^  .  the  heal  is.  not 
recognised  as  such.     (J.  ami  \.  Dejcriiie  and  Moiizoii,  )'rcssc  Med!.  8  July,  1915. > 
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There  is  neither  sclerosis  of  the  dermis,  fibrous  contwction  nor 
articular  iminobilis.icioii  ;  the  nails  are  curved  as  in  iieuritis,  but  tliev  are 
thin  and  smooth,  not  thickened,  split  or  striated.  Moreover,  they  grow 
rapidly  and  produce  behind  the  pulp  .i  slight  cutaneous  swelling  whicli  is 
extremely  painful. 

After  a  few  months  there  can  be  seen  taking  place  considerable  atrophy 
of  the  extremities  of  index  and  middle  finger,  thin,  tapering  and  conical 
extremities  which  terminate  in  quite  small  and  almost  triangular  nails. 

Whilst  the  trophic  disturbances  usual  in  cases  of  neuritis  are  absent  in 
causalgia,  special  lesions  are  found  from  time  to  time  ;  we  have  seen  small 
subungual  ecchymoscs  or  more  frequently  small  cutaneous  phlyctens,  com- 
paraHe  to  sudami.ia  which,  on  rupture,  left  a  very  painful  punctiform 
cicatrix.  It  would  seem  that  the  thinness  and  fr.igilitv  of  the  integiimciUs, 
the  constantly  damp  condition  and  perhaps  more  especially  the  maceration 
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of  the  continually  moistened  epidermis,  favour  the  appearance  of  these 
trophic  disturbances. 

There  are  cases  of  causalgia  in  which  neurotic  lesions  are  more  mani- 
fest  ;  accompanied  by  dryness  of  the  skin,  scaly  desquamation,  fibrous 
infiltration  of  the  dermis  and  a  tendency  to  ankylosis  of  the  last  phalanges. 


Fk.s.  i-j  anil  17+— Causalgia  ot  the  iiic.lian  iicrv.-.  Tapiring  ,.f  the  fiiiKtrs,  alroi.liv, 
thinness  i.t  the  skin,  protiise  s«tat.  Siulamina  followeil  by  ulceration.  Rapid  Krowth 
<     nails  ami  sub-ungual  swellings. 

Causalgia  of  the  median  is  very  refractory  to  treatment ;  it  continues 
tor  eight,  ten,  or  even  fifteen  months,  before  diminishing  and  finally 
disappearing.  M.-iss.igc  has  no  result  whatsoever,  g.ilvanic  electrical 
stimulation  with  the  positive  pole,  and  iodine  or  salicvlic  ionisatiim  c.iusc 
only  a  few  hours'  relief;  in  these  conditions  it  may  readily  be  understood 
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that  there  has  been  strong  tcmptatiun  to  practise  resection  and  MUturc  or 
alcoholisation  (Sicard)  of  the  affected  nerve. 

At  the  same  time,  one  hesitates  before  subjecting  these  patients,  who 
arc  not  paralysed,  to  the  risks  of  nerve  suture. 

Radiotherapy  to  the  nerve  itself  or  to  tli'  roots  frequently  alleviates 
causalgia,  but  it  only  dispels  the  painful  paroxysms  and  does  not  calm  the 
continuous  dull  pain. 


Fic.  175.— C'ausalKia  ot  the  meilian  nerve,  with  itinirvaiion  ot'thc  nails,  loni.al  ainrnhv 
of  the  last  phalanges,  tilirous  Infiltration  i>(  ilcrinis  ami  .ligital  artieiilatiors  (loin 
paiv  inilex  ami  middle  finger  with  the  comparatlivly  iinaftcitcd  rinij.fiiiuir. 

Moreover,  its  effect  is  not  const.Tiit. 

At  present,  there  is  a  tendency  to  regard  causalgia  as  a  symnathctic 
syndrome.  Undoubtedly  vaso-dilatation  or  vaso-constriction  of  tiic  skin, 
profuse  sweats,  and  the  recrudescence  of  pain  through  emotion,  call  forth 
the  idea  of  syinp.ithctic  disturbances.     (Lcriche,  Mcige  and  Mme.  Hcnisty.) 

In  causilgia  caused  by  wounds  at  wrist  or  in  the  fore-arm,  we  have 
found  disturbances  throughout  the  entire  region  of  the  cervical  sympathetic, 
with  narrowing  and  vaso-constriction  of  the  entire  brachial  artery  whose 
calibre  was  not  more  than  two  or  three  millimetres  and  whose  pulsations 
were  almost  non-existent  ;  there  was  also  slight  numbness  of  the  surface 
on  the  same  side,  a  diminution  of  sweat,  vaso-motor  disturbances  in  the  ear 
on  the  afiected  side,  manifestly  proving  the  existence  of  rcfitx  txcit.^tioii 
of  the  cervical  sympathetic. 
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All  these  fact*  may  justify  the  intervention  propoitvJ  by  Leriche : 
denudation  of  the  brachial  artery  and  reaction  of  the  sympthctic  plexus 
surrounding  it.  We  have  performed  this  operation  several  times  with 
favourable  results  in  cases  refractory  to  all  other  treatment. 

DIAGNOSIS  OF  PARALYSIS  OF  THE  MEDIAN  NERVE 

We  need  not  insist  on  the  possibility  of  overlooking  paralysis  of  the 
median,  cither  above  the  cpitrochlcar  -'uscles,  when  flexion  of  the  first 


'■''•*•  '7^  »'"'  I77-— Pstii'io-paralysis  of  the  iiietllan.  Lesion  of  the  nerve  in  the  tori- 
ann.  Cutaneous  an:t6thesia  ami  atrophy  of  the  thenar  eminence.  Ahhoiigh  the 
riixors  are  inlart,  the  patient  cannot  close  his  hanil  completely.  Farailisatiun  of  the 
flexors  reailily  pro<liiccs  movement.     C'ure  eHV.teil  by  a  smgle  treatment. 

phai.ingcs  by  the  interos.sei  might  incline  one  to  believe  in  the  possibility 
of  some  slight  action  of  the  flexors,  or  below  the  cpitrochlcar  muscles, 
where  all  the  disturbances  are  reduced  to  cut.nncous  an.xsthcsia  .inJ  to  tiic 
loss  of  opp"      ion  of  the  thumb. 
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Wounds  of  the  fore-arm,  in  which  the  mcilian  nerve  i<t  aflfectcd,  very 
iiftc'i  cau!«,  from  injury  to  the  muscles,  a  weakening  or  even  complete 
•^capacity  of  the  flcxon  of  the  fingers,  that  might  erroneously  be  attributed 
to  nerve  lesion. 

To  avoid  this  error,  we  must  remember  that  the  flexors  receive  their 
nerve  twigs  very  high  up,  immediately  below  the  bend  of  the  elbow ; 
moreover,  the  muscles  weakened  by  the  wound  retain  more  or  less  their 
normal  electrical  reactions  and  above  all  their  faradic  excitability. 

It  is  also  known  that  there  is  frequently  associated  with  these  wounds 
a  certain  degree  of  functional  paralysis  due  tu  prolonged  iii<iction. 

Here  we  would  point  out  a  somewhat  frequent  cause  of  error,  to  which 
allusion  h.is  already  been  made.  We  refer  to  functional  paralysis  of  the 
flexors  of  the  thumb,  the  index  and  the  middle  finger,  following  lesion  of 
the  median  in  the  fore-arm  and  caused  by  an.Tsthcsia  of  the  hand. 

We  have  met  with  several  of  these  very  curious  cases  in  which  the 
patient  thinks  that  his  fingers  are  paralysed  because  he  leither  feels  them 
nor  even  attempts  to  use  them. 

We  need  only  contract  the  flexors  by  means  of  the  faradic  current  to 
recognise  the  functional  nature  of  this  paralysis,  prove  to  the  patient  the 
possibility  of  movement,  and  eft'oct  a  speedy  cure. 
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CHAPTKR    IX 

ASSOCIATED  PARALYSIS  OF  THE  MEDIAN 
AND  ULNAR  NERVES 

It  is  necessary  to  make  a  special  study  of  the  associated  paralyses  of  the 
median    and    the    ulnar.      These    paralyses    are    very   frequent,  and   are 


Kk..  178. — Paralytit  nt' ihe  meilian  ami  ihr  ulnar— "Hat  liaml.  " 

caused   by  lesions  in  the  upper  arm,  where  both  nerves  are  close  to  each 
other. 


I 

'i 


I 


F  If..  i~ty. — Paialxslsiil  the  nii-iliati  ami  thctiiiiar.  Hvpt  r  cxtt-nstnnoi  tiic  titit  phalanm's 
liy  loiitr.ul  inn  lit  till  txlinsor?.  Iliis  iimviiiKiit  iniliiris  <i'ni|.H<  \ji>n  <>t  ilii' skkiiiI 
anil  thiril  piialaiif^rs  (paraK^is  itt  ilu-  inti-ntssci). 

In  these  cases  we  note  the  assoriatiiin  ot   the   two  puralvtic  syndromes, 
also  complete  loss  of  the  movements  of  flexors  and  interossei. 


PARAI-YSIS  OF  MEDI/^  N   AND  ULNAR   NKRVES     iqs 


iJq. — Flexion  !>»■  the  hami  by  the  cxtcntur  oskii 
mrla('ar|)i  pollii-ii  anil  hy  the  ihort  rxicnior  of  llie 
thumb.  (Claiiilr,  Diiiiiai,  ami  Poraok,  Prtsir  Mi,/., 
Ill  Jiiiif,  lyij.) 


Atrtiphy  nf  the  cpitrorhlcar  tnuwlc^  i«  complete  j  the  m.-iMivc  atrophy 

o»  the  thenar  and  hypnthenar  musclr*  produces  the  "flat  hand  "  appearaiue. 
(  )win);  to  atony  of  the 

flexors  and  inierm»ei,  the 

efforts  to  extend  the  fin);crs 

r<-.iilily  induce  an  attitude 

oi'  hy|K-r-extension  of  the 

first  phalanges,  along  with 

semi-flexion  of  the  second 

anil  third. 

Particularly  important 

are    the    curious   substitu- 
tionary  movements  found 

in    most    cases    and    first 

incntioncil  by  H,  Claude. 
Flexion  of  the  hand  on 

the    wrist   is   theoretically 

suppressed  ;  all   the  stmc, 

it    is    for    the   most    part 

possible,  by  substitution  of 

the    extensor   ossis   mct.v 

carpi  pollicis  and  the  short  extensor  of  the  thumb. 

Finger-flexion  is  logically  impossible.     Patients,  however,  arc  cap.ii)!c 

of  |K-rforming  certain  flexion  movements  ;  to  such  an  extent  is  this  the  c.isc, 

that  it  is  difficult  to  believe  that  both  nerves  arc  paralysed. 

They  succeed  in  flexing  the  fingers  by 
forcibly  raising  the  hand  with  the  radial 
extensors  ;  the  effect  of  this  hollowing  of  the 
hand  is  to  stretch  the  flexor  tendons  on  the 
pulley,  as  it  were,  of  the  r,-idi<i-carpal  articu- 
lation, and  consequently  to  exercise  traction 
on  the  fingers,  in  a  purely  mechanical  w.ny. 

Again,  in  raising  the  hand,  the  patients 
:ill<)w  their  fingers  to  dr<H)p  under  the  .notion 
of  gravity,  and  this  still  further  emphasises 
the  flexion  attitude.     This  mav  be  seen   by 

Hixi.r  nii,l,>n>.  action   of   gravity  ce.iscs,   and    the   fingers, 

being  flexed  only  by   the   hollowing  of  the 
hand,  fall  back  into  a  state  of  moderate  flexion. 

It  is  unnecessary  to  .-idd  that  this  artificial  flexion  of  the  fingers  is 
extremely  feeble  and  cannot  be  m.nde  use  of  by  the  patient. 

When  regeneration  begins  in  the  median  and  ulnar  nerves,  there  is 
ol»t-ivcJ  the  progressive  appearance  of  a  special  four-fingered  ^^rif,;  supple 
and   reducible,  characterised   by  flexion  of  the  last  two' phahinges  on  the 


Kii..  iSi.— Pscuilo-Hi-xiiin  of  thi 
tiniJirs.  In  paralysis  nt  tin- 
nuiliananil  tin  ulnar,  liy  tnni- 
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Hrit :  it  i»  protluccJ  by  tone  of  the  Hexon  of  the  finiten,  deprived  of  the 
■ntaiconiMn  of  the  intcroitci,  exienmn  of  the  taut  two  phalange*. 


I 


hl<-*.  111  ami  ■<} — Piralytlii  ut  iht-  mi<lian  ami  the  ulnar  in  roiirK  •>)  ngrmtulion. 
The  "flu  ■■  hami  haii  b«omr  tran>ti>rin«l  into  a  ((iiir-tingfrnl  grifr  uiire  the  Hixirt 
have  regaincil  iheir  tone.  (Sot'i  ami  reilucihli-  jfrffi-.)  Note  the  prDJeiiion  ot  the 
flexor  rirpi  rnlialii. 

Filially,  simultaneous  irritation  of  the 
median  and  the  ulnar  cauMri  a  complete 
neuritir  fibrous  four-finjiercd  griffi' ;  flat- 
tening of  the  thenar  and  mthenar  emi- 
nencfs,  atrophy  of  the  iiuerosKci,  and 
flexion  of  the  last  two  phalanges,  all  give 
the  hand  the  typical  ap|)earaiice  of  the 
"ape-like  hand." 


Kn.».  184  amf  1S5. — Niiiriiicx''(^' "I  thi- niiiliaii  ami  iht- ulnar— "jiitiun  haiul."    Kihrinih 
fmir.fiiigcTeil  ^njfi,     Tcnilon  lontraciion.     I'cmtrattion  i.t  the  palmar  aponeurosis. 
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CHAPTKR   X 

MUSCULOCUTANEOUS  NERVE 

Tmi!  niUM:uli>.i-iiian«.':>uii  larvr  ori({inAti-«  along  with  the  ixtcriial  riMit  «•» 
ihc  ini:dian  from  the  outer  tord  of  the  brachial  pItAuv  It'.  Ithrv,  arise 
..ImoNt    ulelv  from  tht-  (ifth  anti  sixth  ccr\ii-al  r(M)ts. 


NIiiH'iilu  t'liunniiii  nirvr 
Rranili  in  iIh  >iirui<i  lirarliijiii 

Inlvrnul  I'lt^nruim  nrrvr 
Hruni  I)  i<i  tht'  '>irt'})<i 


KrJiii  li  til  lir.it  li,  uiii 


Anuitiiinuiii  ul  initliuii  ami 
itiiist-((l*i>rtitunc<>(is 


Mimiilii.riitaneoiii  nrrvf 
Miist'iili)  ^,Jtirul  lUTVi 
Mmiilii  Hiiiril  ^cxtrrul  liriiii  I 


Miiliiiii  ntrvr 


(Ilii.ir  ncrvr 


Iiittriial  lllt;llUllll^  nerve  (inttinal 
liranili) 


Antt-rior  a>pft*t. 

Kit.,  iSS. — Drep  ncrvts  nfririn  (ai'itr  .Sa!i(KV).     Tin-  l>iii|n  has  Im-ii  rcjtiitd 
lo  lay  l)arc  lite  iiiiiMulti.turin    t\i>  iitrtt'. 

At  its  origin  in  tiie  armpit,  the  ntusculo-i-utaneous  nerve  is  situated 
above  and  outside  the  median  and  the  axillary  artery.  It  remains 
adheiciil  to  the  median,  a^  far  as  liie  um'on  of  the  upper  third  and  the 
miildle  thin!  of  the  arm. 
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At  this  level  it  suddenly  changes  direction,  passes  obliquely  outward, 
crosses  the  coraco-brachialis,  and  descends  obliquely  in  front  of  the 
brachialis  amicus,  covered  by  the  biceps,  supplying  motor  branches  to 
these  three  muscles. 

It  is  under  the  biceps  that  the  anastomotic  branch  breaks  away,  uniting 
the  musculo-cutaneous  to  the  median  nerve  ;  rising  again  obliquely  it 
enters  this  nerve,  reaching  it  at  the  middle  third  of  the  arm. 

Probably  it  often  brings  to  the  median  aberrant  motor  fibres  issuing 
from  the  fifth  and  sixth  cervical  roots. 


Posterior  surface.  Anterior  surface. 

f'fi-  "87.  Kk..  188.  Fk..  iSv. 

Kk;s.  187  and  188. — Sensor)-  rcpon  of  musculo-iulaneous  nerve. 
Kk..  189. — Cutaneous  an;ii>thtsia  in  tiunpUte  section  of  niusiulo-culancoue  nerve. 

Afterwards  the  tnusculo-cutaiicous  nerve  appears  on  the  external 
Mirfacc  Of  the  biceps,  plunges  underneath  the  edge  of  the  supinator 
longus,  and  becomes  sub-cutaneous  near  the  bend  of  the  elbow  ;  it  then 
divides  into  its  two  terminal  branches,  anterior  and  posterior,  which 
descend  in  parallel  lines  on  to  the  antero-external  surface  of  the  fore-arm, 
supplying  the  skin. 

Branches 

I.  Along  the  first  part  of  its  course,  the  musculo-cutaneous  supplies 
only  itiotor-branches  : 

i'iic  nerves  to  the  coracu-brachialis. 


MUSCULO-CUTANEOUS  NERVE 
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The  nerves  to  the  biceps. 

The  nerves  to  the  brachialis  amicus. 

2.  Beyond  the  biceps,  the  musculo-cutaneous  is  no  more  than  a  sensory 
nerve  where  two  parallel  branches  of  the  bifurcation  supply  the  antero- 
internal  part  of  the  fore-arm  right  to  the  vicinity  of  the  wrist. 

3.  Lastly,  the  musculo-cutaneous,  apart  from  its  terminal  anastomoses, 
sends  out  an  important  anastomotic  branch  to  the  median,  meeting  the 


Kk..  190.  Fi<i.  191. 

Fig.    190. — Substitution    ot   the  paralyseil    musculo-eutamous    by  the    musculo-spiral. 

Energetic  flexion  of  the  turc-arin  on  the  arm  by  the  supinator. 
Ki(..    191. — Muscles  supplieil    by   the    inustulo-cutaneous.      Coraco-brachialis    biceps  j 

brachialis  anticus.     The  deltoid  is  cut  in  order  to  expose  the  diep  muscles. 

latter  about  the  middle  of  the  arm.  It  seems  to  be  proved  that,  speaking 
generally,  this  branch  brings  to  the  median  supplementary  fibres  ot  the 
fifth  and  sixth  cervical  roots;  it  mav  fail  in  this;  the  thinner  the  external 
head  ot  the  median,  the  more  developeil  this  branch  i>. 
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PHYSIOLOGY-PARALYSIS  OF  THE  MUSCULO-CUTANEOUS 

Motor  Syndrome 

The  musculo-cutaneous  is  the  nerve  whose  sole  function  is  to  supply 
the  flexors  of  the  fore-arm  on  the  arm. 

Its  interruption  determines  paralysis  and  atrophy  of  the  coraco- 
brachialis,  the  biceps  and  the  brachialis  anticus  ;  these  last  two  are  flexors 
of  the  fore-arm  on  the  arm. 

It  must  not  be  imagined  that  paralysis  of  the  musculo-cutaneous  does 
away  with  the  flexion  of  the  elbow.  This  is  still  possible,  even  forcibly, 
by  the  supinator  longus  (musculo-spiral),  the  flexor  rdle  of  which  is  thus 
proved. 

Paralysis  of  this  nerve  may  thus  easily  be  disregarded  if  we  confine 
ourselves  to  making  a  simple  flexion  of  the  fore-arm  without  endeavouring 
to  obtain  real  contraction  of  the  Hiceps  and  without  exploring  its  electrical 
reactions. 


Sensory  Syndrome 

The  musculo-cutaneous  supplies  the  integuments  of  the  antero- 
external  part  of  the  fore-arm  and  passes  slightly  on  to  its  postero-external 
surface. 

Nevertheless,  we  must  not  expect  to  find  so  extensive  a  state  of 
anesthesia  in  lesions  of  this  nerve.  The  musculo-spiral  behind,  and  the 
internal  cutaneous  on  the  inner  side,  overlap  it  considerably  and  largely 
reduce  the  region  of  complete  ana;sthesia,  which  is  restricted  to  a  tract 
extending  over  the  antero-external  part  of  the  fore-arm. 


CHAPTER   XI 

THE  CIRCUMFLEX  NERVE 

The  circumflex  nerve  is  generally  regarded  as  a  collateral  branch  of  the 
brachial  plexus. 

By  reason  of  its  size  and  importance,  however,  we  may,  with  Sappcy, 
regard  it  as  a  terminal  branch  of  this  plexus,  becoming  detached  along 
with  the  musculo-spiral  from  the  posterior  serondary  trunk.  Most  of  its 
fibres  originate  in  the  fifth  cervical  root. 


Supra-tcapular  nerve 

Branch  to  thu  tupra- 

spinatui 

Branch  to  the  sub- 
ipinatiii 


Muscular  branch 

Branch  to  the  teres 
minor 

Muicular  nerve 

Cutaneous  nerve  tu 
shoulder 


"1-l.r  ■■■■  Vi_i— »,». 

Kio.  192.— Circunillex  ami  supra-scapular  mrv.s.     (After  Sappey.) 

It  springs  from  the  brachial  plexus,  about  the  middle  of  the  axilla  •  at 
this  level  it  is  situated  behind  the  axillary  artery,  and  outside  the  musculo- 
spiral  nerve. 

It  imiTiediatcly  proceeds  downwards  and  outwards,  and  passes  towards 
the  posterior  part  of  the  shoulder  accompanied  by  the  posterior  circumflex 
artery  ;  it  passes  into  the  interspace  circumscribed  by  the  neck  of  the 
humerus  outwards  and  forwards,  the  long  head  of  the  triceps  within  and 
behind,  the  lower  edge  of  the  subscapularis  and  of  the  teres  minor  above, 
the  upper  border  of  the  teres  major  below  (quadrilateral  square  of 
Velpeau). 

It  thus  passes  round  the  po!,tcrior  surface  of  the  surgical  neck  of  the 
humerus  and  reaches  the  deltoid  on  its  deep  surface. 
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Branches 

Apart  from  the  articular  branches  anil  from  certain  fibres  supplied  to 
the  subscapularis,  the  only  important  offshoots  supplied  by  the  circumflex 
are  the  deltoid  branches  and  the  cutaneous  branch  to  the  shoulder. 

I.  The  deltoid  branches  issue  from  the  circumflex  nerve  after  it  has 


Supra-arromial  htanch 


Circumflex  nerve  (vutan- 
euus  hraiK'h) 


MiiK'ulu-spiral  nerve  (cxt.  ' 
cut.  br.)  i 


Lesser  internal  cutaneous  (ext. 

branch) 
CircunilKx  nerve  (rut.  lir.) 
-  Seconil  interciistui  nerve 


Thinl  Intercostal  nerve 


Musculi>-s|iiral  nerve  (Int.  tut. 
hr.) 


Internal  cutaneous  (post.  Iiraneli) 


Internal  cutaneous  nenc  (ant. 
branch) 


.M.isculo-cutaneous  nerve 

LUlilli    S/4LLC< 
Hoslerior  aspect. 
Fl<;.  I93.--Superlicial  nerves  of  shoulder,  arm  uii.l  ell)o».     (.Attcr  Sappey.) 

reached  the  neck  of  the  humerus.  A  distinction  is  made  between  the 
ascending  and  the  descending  branches,  wliicli  successively  become 
detached  to  supply  the  different  jrartions  of  the  deltoid. 

This  distribution  is  arranged  in  vertical  segments,  from  behind  for- 
wards. Thus  we  see  tiiat  certain  lesions  of  the  nerve,  on  the  external 
suri..ce  of  the  shoulder,  for  instance,  may  produce  dissociated  paralyses  of 
the  circumflex  ;  the  anterior  and  exterinr  fasciculi,  clavicular  and  acromial, 
are  paralysed,  whilst  the  posterior  scapular  fasciculi  are  untouched. 


THE  CIRCUMFLEX  NERVE 
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2.  The  cutaneous  nerve  of  the  shoulder  is  a  collateral  sensory  branch, 
which  breaks  away  from  the  circumflex  after  its  passage  into  the  quadri- 
lateral space  }  it  proceeds  downwards  and  outwards,  and  emerges  between 
the  deltoid  and  the  long  head  of  the  triccp>.  Then  it  divide,  into 
ascending  and  horizontal  branches  which  supply  the  cutaneous  covering 
for  the  shoulder,  and  in  descending  branches  which  are  distributed  over 
the  integuments  of  the  external  surface. 


PARALYSIS  OF  THE  CIRCUMFLEX 

Paralysis  of  the  circumflex  is  not  met  with  in  direct  traumatis.ns  of  the 
nerve  only,  it  also  appears  in  fractures  of  the  surgical  neck  of  the  humerus 
by  embedding  or  compression  of  the 
nerve :  it    mav  follow  dislocation  of  the 


Ki(,.  194.— Paralysis  of  the  circumfiex.     Atrophy         Ki(„  1^5.  — Motor  area  of  the 
ot  the  ileltoi.l.  jircumllix. 

shoulder,  owing  to  traction  on  or  contusion  of  the  nerve;  all  the  same, 
it  would  appear  that  in  most  of  these  cases  we  are  dealing  with  the  lesion 
of  the  upper  roots  of  the  brachi  il  plexus,  stretched  or  torn  away  by  the 
dislocation  (Duval  and  (luilhiin)  ;  in  reality,  tiiey  are  cases  of'  root 
paralysis  of  the  brachial  plexus,  affecting  the  fi»'th  cervical  root. 
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Lesions  of  the  circumflex  are  shown  solely  by  paralysis  of  the  deltoid 
and  by  sensory  disturbances  of  the  shoulder. 

Paralysis  of  the  deltoid  produces  loss  of  power  to  raise  the  arm  out- 
wards (by  means  of  the  acromial  fasciculi),  forwards  (clavicular  ^ciculi), 
and  backwards  (scapular  fasciculi). 

The  disturbances  thus  produced  are  all  the  more  serious  because  sub- 
stitutionary movements  scarcely  exist  at  all  in  the  case  of  th<.>  deltoid. 
The  supra-spinatus  alone  is  capable  of  slightly  raising  the  arm  outwards 
and  forwards,  with  rotation  inwards ;  this  movement  is  i-xtremely  feeble, 
and  is  incapable  of  introducing  any  effective  substitution  for  paralysis  of 
the  deltoid. 

The  arm  remains  hanging  almost  loose  alongside  the  body  ;  in  vain 
dcxs  the  patient  attempt  to  raise  it ;  he  contracts  his  shouldei  muscles  and 
the  supra-spinatus  succeeds  in  making  only  a  faint 
movement  of  abduction  ;  he  contracts  the  serratus 
magnus,  but  the  swinging  movement  imparted  to 
the  shoulder-blade  is  nullified  by  the  utter  flaccidity 


Figs.  196  ami  197. — Anatomical  sensory  tupography 
ot  the  circiimllcx  nerve  (cutaneuus  nerve  of  the 

slKjiilder). 


Fig.  198. — Actual  anesthe- 
sia in  section  of  the  cir- 
cunillex. 
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of  the  deltoid  ;  finally,  he  partially  detaches  his  arm  artificially,  by  raising  his 
shoulder  and  bending  his  thorax  in  such  a  way  that  the  arm  is,  as  it  were, 
rai^ed  by  the  ribs  on  which  it  is  resting. 

At  the  same  time  atrophy  of  the  deltoid  flattens  the  shoulder  and 
relaxes  the  joint  capsule,  which  often  exhibits  an  abnormal  degree  of 
laxity. 


SENSORY  DISTURBANCES 

Sensory  disturbances  are  somewhat  reduced  in  paralysis  of  the  cir- 
cumflex. Seldom  do  we  find  complete  an.esthesia  ;  as  a  rule,  we  simply 
have  more  or  less  pronounced  hypo-a;sthesia  of  the  exterii.Tl  surface 
of  the  shoulder. 


CHAPTER  XII 


INTERNAL  CUTANEOUS  NERVE  AND  LESSER 
INTERNAL  CUTANEOUS  NERVE 

The  internal  cutaneous  nerve  and  the  lesser  internal  cutancmis  are  very 
seldom  affected  separately  ;  on  the  contrary,  they  often  share  in  the  lesions 
of  the  median  and  the  ulnar,  on  the  inner  surface  of  the  arm. 

Siipra-acrninlal  branch 

Li'SKcr  int.  lui.  N, 

Cut.  br.  oi  »houldcr 

Inf.  lilt.  N.  (upp* T  arm  hranch) 


Musciilii-spiral  nervr  (ext.  cut.  br.) 


Int.  cut.  N. 
Post,  branch 
Ant.  branch 

IHnar  nerve 


MiiM'.-ciit.  N.  -I 


Mus.-spir.  N.  (ext.  cut.  br.) 


Anterior  aspect. 
Ki(..  199. — Cutaneous  nerve  ot'shoiililer  ami  arm.     (After  Sappey.) 

These  arc  exclusively  sensory  nerves,  originating  in  the  lower  secondary 
trunk  slightly  internal  to  the  ulnar. 

The  internal  cutaneous  descends  to  the  inner  part  of  the  arm  internal 
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to  the  median  nerve,  in  front  of  the  ulnar  nerve  ;  on  reaching  the  middle 
of  the  arm,  it  perforates  the  deep  fascia  and  becomes  superficial.  Then  it 
proceeds  along  the  basilic  vein  and  at  the  bend  of  the  elbow  divides  into 
its  terminal  branches  which  arc  distributed  over  the  inner  and  anterior 
part  of  the  fore-arm. 

At  the  base  of  the  axilla.  It  supplies  the  cutaneous  branch  t«>  the  upper 


Miii..>pir.  N.  (rxt.  Iir.) 
MuH'iilo-t'iitancoiiii  N. 

Mils.  »iit.  N.  (ant.  br.) 
Mii».  rut.  N.  (put.  br.) 

Mii».  cm.  N.  (ant.  br.) 


Anattom.  of  mm.  cut.  and  rad 


^'ollat.  ptillic.  I 


Int.  nit.  N.  (brachialit  anticut, 
ext.  br.) 


Int.  nit.  N.  (ani.  branrh,  inter 
iial  twii;) 


nattnin.  nf  int.  cut.  anil  ulnar 


Halm.  cut.  br.  ot  innliaii 


\  Digital  coi 


llaicral  trunks 


Anterior  aspert. 
Fic.  200 — Superficial  nenes  of  t'orr-arin  and  haml.     (After  Sap(>ey.) 

.iriti,  which  is  distributed  over  the  inner  surface  of  the  arm,  .-is  far  as  the 
bend  of  the  elbow. 

The  lesser  internal  cutaneous  perforates  the  deep  fascia  at  the  upper 
third  of  the  arm  and  is  distributed  over  the  skin  of  the  inner  surface  of  the 
arm  behind  the  region  of  fhe  internal  cutaneous  (cutaneous  branch  to  the 
.-irm)  and  right  to  the  level  of  the  cpitrochlea. 

A  lesion  of  the  internal  cutaneous,  usually  associated  with  that  of  the 
median  and  more  especially  of  the  ulnar,  is  shown  by  slight  hypo-^sthesia 
of  the  inner  surfoce  of  the  fore-arm. 

Only  lesions  which  involve  the  nerve  in  the  neighbourhood  of  the 
axilla   are    accompanied    with    hypo-ssthesia    on    the    inner    surface    of 
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the  arm;  aii.l  even  this  hy|Hi-*sthesia  i!i  greatly  IcMcned  owing  to 
the  proximity  of  the  lateral  cutaneous  branches  of  the  !>ccond  and  third 
intercostal  nerves. 


MiiH'iilo  iplral  N.  (ext.  br.) 


Mils.-,  fill.  N.  (|iojl.  bramh) 


Rail.  N.  (.1111.  hraiuh) 


Rail.  N.  ^oillat.  br.) 


Int.  rut.  N.  (|Hi»r.  bnnrh) 


Int.  nit.  N.  (ant.  branch) 


I'Inar  nrrve  (ilomal  bramh) 


I'lisie 


Kl(.. 


riiir  aspcit. 


:oi.     Sii|KTliiial  nerves  ot  tbrcarin  ami  hand.  -.(After  Sappey.) 
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Fi'iJ.  joi  and  loj.  pio,  104. 

Klf:».  101  and  loj,— Ciilannun  lopot;raphy  of  the  internal  ciitanfoiii  and  the  leuer 
iiiteriul  ciiianeoiii  (nhlique  lialcliintj).  Thr  pertbratinn  branihe.  .if  the  wrond  and 
third  intmoital  nerve*  tnpply  a  triangular  area  on  the  iKijiero-internal  lurface  of  the 
arm,  ni  the  region  o»  the  le>Kr  internal  ciitaneoiii. 

Fl<i.  104.— Scniory  diuurbancn  in  leiioni  of  the  internal  ciiiaiionia. 


CHAPIKR   XIII 

BRACHIAL  PLEXUS 

Ttir.  brachial  plexus   lonMsts  of  the   fifth,  sixth,  seventh,   and   eighth 
cervical  roots  and  the  fir>t  dorsal. 

All  these  roots  make  their  way  towards  the  apex  of  the  axilla,  the 


!•«..  ao5.— Brachial  plexus  anil  in  collateral  branches.  (After  Hir«hfel<l.)  i  Ansa 
hyp..gl.issi.  1.  FnciiiiH.gastric  nerve.  3.  Phrenic  nerve.  4,  5,  6,  7.  Kit'th  lixth 
•eviiiih  anil  eight  cervical  routs,  g.  First  dorsal  root.  9.  Nerve  to  the  sulH-Javiiii' 
10.  Nerve  to  serratin  magniu.  11.  Nerve  to  peiioralls  major,  ij.  Siih.scapiilar 
nei^e.  1 3.  Nerve  to  pectoialii  minor.  1  +.  Anastomosei  of  nerves  of  pectoralis  nia  jor 
an.l  pectorahs  minor.  15.  Lower  branch  to  suh-scapularii..  16.  Nerve  to  teres  major 
17.  Nerve  to  latissimus.lorsi.  18,  20, 11.  L.I.C.  19.  It.  anastomosis  with  the  lateral 
cMtaneou!  branch  vi  the  «■«....!  in».r.n«sl  n.rvr.  -.  It.fcmal  ctiiancous  lurve 
23.  Ulnar  nerve.  2+.  Mohan  nerve.  25.  Mus«iilo.ciitaneous nerve.  26.  Minuulo. 
ipiial  nerve, 

»4 
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higher  onct  taking  an  obliquely  licKcmling  couree,  the  lower  one«  following 
a  direction  almoii  horixontal. 

The  brachial  plexui  thus  upread*  out  into  the  tub-clavicular  region  in 
the  form  of  a  triangle,  with  vertebral  baic  and  axillary  apex. 

Near  the  vertebral  column,  the  riioit  of  the  plexui,  ket  in  tier*  and 
wparated  from  one  another,  may  be  afTccled  leparately  by  traumatiim, 
whereat  wounJ»  in  the  axillary  region  almort  invariably  cauM;  important 
injuries  thut  affect  leveral  trunk*. 

• 

CONSTITUTION  OP  THI  ■RACHIAL  PLSXUS 

There  are  many  individual  variations  in  the  constitution  of  the  plexus  ( 
at  the  same  time,  wc  can  give  a  tolerably  ximpic  diagrammatic  deiicriptioii 
of  it. 

I.— PRIMARY  TRUNKS 
The  fifth  and  tixth  cervical  root*  unite  to  a>n»titutc  the  upper  trunk. 
'I'he  eighth  cervical  and  the  fimt  dorsal  join  to  constitute  the  lower 
trunk.     The  seventh  cervical  of  itself  forms  the  middle  trunk. 


II.— SECONDARY  TRUNKS 

Each  of  the  primary  trunks  soon  divides  into  two  branches,  the  one 
anterior,  the  other  posterior. 

IVC 


Fi(i.  ao6. — Conttittition  of  thr  bnirhial  plexus. 


The  anterior  branches  of  the  upper  trunk  and  of  the  middle  trunk 
unite  to  form  the  upper  cord  which  is  to  produce  the  musculo-cutaneous 
nerve  and  the  external  or  superior  root  of  the  median. 

The  anterior  branch  of  the  lower  trunk  constitutes  of  it>clf  the  inner 
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cord,  which  prnducn  the  ulnar  and  the  inner  root  of  the  median  a»  well 
a»  the  internal  cutaneous  and  le*»cr  internal  cutaneou*. 

The  three  pmterior  branche^  unite  to  form  the  posterior  cord  which 
»upplie»  the  circumflex  and  afterwardo  constitute*  the  mu»culo-«pir;il 
nerve. 


Connexion*  ov  tmi  Bracmmi.  Puxis 

On  leaving  the  intervertebral  foramina,  the  ro«it»  «if  the  brachial 
plexus  penetrate  into  the  space  sc|>aMting  the  scalenus  amicus  inm  the 
scalenus  mcdius. 

Then  they  crov*  obli«iucly  the  lower  p;irt  of  the  supra-clavicular  fossa 
and  converge  towards  the  middle  of  the  clavicle.     It  is  slightly  outside  the 


unlit  iiiinur 


,^    a 

\tutculo-i)itral  '^       5 
fin.  207.— Connexions  of  the  hrarhial  plexii.  ut  thf  kvrl  of  thr  iv,||a 

scalcni  th.it  the  primary  trunks  appear.     Thus  the  supra-clavicular  area 
IS  essentially  that  of  the  primary  trunks  and  of  their  branches  of  division. 

Below  the  clavicle  are  found  the  cords  which  soon  produce  the  nerves 
of  the  upper  limb. 

The  imiwrtant  relation  of  the  brachial  plexus  with  the  axillary 
artery  and    »in  are  well  known. 

Situated  at  first  external  to,  and  a  little  behind  the  axillary  artery, 
which  separates  them  from  the  vein  situated  more  internally,  the  nerve' 
trunks  arc  all  around  the  artery  ;  the  musculo-cutaneous  is  outside  and 
above,  the  median  in  front  and  outside,  the  musculo-spiral  behind  ;  the 
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ulnar  runs  bttween  the  artery  and  the  vein ;  the  inner  head  of  the 
median,  passing  between  the  artery  and  the  vein,  crosses  the  anterior 
sur^e  of  the  artery. 

Traumatisms  which  affect  the  brachial  plexus  will  accordingly  affect 
the  different  groupings  of  nerve  fibres,  according  to  the  level  of  the 
wound. 

VVe  must  remember  that  the  brachial  plexus  may  somewhat  diagram- 
matically  be  divided  into  four  regions. 

In  the  region  of  the  scaleni,  and  even  a  little  outside  this  zone,  are 
found  the  roots  of  the  plexus. 

The  supra-clavicular  fossa  corresponds  to  the  region  of  the  primary 
trunks. 

Behind  the  clavicle  and  in  the  upper  part  of  the  axilla,  are  found  the 
secondary  cords.  In  the  lower  axillary  region  appear  the  nerves  of  the 
upper  limb. 

It  is  necessary  to  add  that  the  nerve  fibres  all  converge  upon  the  axilla ; 
at  this  level,  lesions  of  the  plexus  will  often  be  severe  and  very  extensive, 
affecting  several  nerve  trunks  and  simultaneously  affecting  the  axillary 
vessels.  Wounds  of  the  supra-clavicular  fossa,  especially  those  of  the 
region  of  the  scaleni,  on  the  other  hand,  affect  isolated  nerve  trunks  ; 
most  frequently  they  induce  partial  lesions  and  dissociated  root  paralyses  ; 
the  artery  and  the  axillary  vein,  situated  much  lower,  behind  the  clavicle, 
are  more  rarely  affected. 


Branches  of  the  Brachial  Plexus 

Along  its  course  the  brachial  plexus  sends  out  a  certain  number  of 
important  collateral  branches. 

1.  The  nerve  to  the  rhomboids  which  separates  direct  from  the  fifth 
cervical  root. 

2.  The  nerve  to  the  serratus  magnus,  which  originates  in  the  fifth 
and  sixth  cervical  roots,  crosses  the  entire  posterior  surface  of  the  brachial 
plexus  and  descends  along  the  mid-axillary  line,  adhering  to  the  thoracic 
wall. 

3.  The  supra-scapular  nerve,  springing  from  the  higher  primary  trunk 
crosses  the  supra-clavicular  fossa,  reaches  the  supra-scapular  notch  passing 
beneath  the  ligament  which  converts  into  a  foramen  the  supr: -scapular 
notch  whilst  the  supra-scapular  vessels  pass  above  it.  It  thus  penetrates 
into  the  supra-spinous  fossa,  passes  round  the  spine  of  the  scapula  and 
terminates  in  the  infra-spinous  fossa. 

It  supplies  the  supra  and  infra  spinati. 

4.  The  upper  branch  to  the  subscapularis,  originating  in  the  upper 
trunk.  "^"^ 

5.  The  nerve  to  the  subclavius  rises  generally  in  the  anterior  branch 
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of  the  upper  trunk  and  supplies  an  anastomotic    branch  to  the  phrcn  c 
(loop  of  Henle). 


Supra-scapular  nerve 

Branch  to  supra- 
•pinatui 

Branch  to  infra- 
tpinatui 


Muicular  branch 

Branch  to  teres  minor 
Circumflex  nerve 


Muscular  branch 

Cutaneous  twig  to 
shoulder 


Fif..  2og.— Circumflex  and  supra-scapular  nerves.    (Alter  Sappey.) 


Flf;.  209. — Collateral  branches  of  the  brachial  plexus. 

6.  The  nerve  to   the   pectoralis   major    (external   anterior   thoracic) 
separates  from  the  upper  cord  behind  the  clavicle. 

7.  The  lower  branch  to  the  subscapularis. 

8.  The  nerve  to  the  teres  major. 

9.  The  nerve  to  the  latissimus  dorsi. 


214 


NERVE  WOUNDS 


These  three  nerves  become  detached  almost  at  the  same  level  from 
the  posterior  cord,  near  the  origin  of  the  circumflex. 

lo.  The  nerve  to  the  pectoralis  minor  (internal  anterior  thoracic)  has  its 
origin  in  the  lower  cord. 

We  must  remember  that  the  nerves  to  the  rhomboids,  to  the  supra- 
spmatus  and  the  infra-spinatus,  to  the  subscapuiaris  (upper  branch)  and  to 
the  pectoralis  major,  originate  successively  from  the  fifth  and  sixth  cervical 
roots  and  from  the  primary  and  secondary  trunks  following  them.  They 
thus  belong  to  the  higher  root  group. 

The  nerves  to  the  latissimus  dorsi  and  the  teres  major  as  well  as  the 
lower  branch  to  the  subscapuiaris  originate  in  the  posterior  cord. 
The  lower  trunk  supplies  only  the  nerve  to  the  pectoralis  minor. 
All  the  cervical  roots,  on  leaving  the  intervertebral  foramina,  send  out  a 
communicating  branch  to  the  cervical  sympathetic.  The  branch  from  the 
hrst  dorsal  root  is  particularly  important,  for  it  carries  to  the  lower  cervical 
ganglion  of  the  sympathetic  the  cilio-spinal  fibres  destined  for  the  innerva- 
tion of  the  pupil. 


LESIONS  OF  THE   BRACHIAL   PLEXUS 

The  brachial  plexus  like  all  the  nerves,  may  be  affected  directly  by  a 
wound,  compressed  by  a  foreign  body,  a  bony  callus,  a  cicatricial  fibrous 
mass,  or  even  a  simple  hematoira  of  the  supra-clavicular  fossa  or  of  the 
axilla.  But  it  may  also  be  wrenched  by  traction  on  the  upper  limb  or 
by  violent  downward  traction  of  the  shoulder,  with  or  without  dislocation 

Wounds  of  the  brachial  plexus  may  affect  the  roots  or  the  primary 
trunks  as  well  as  the  secondary  trunks  and  their  branches  of  division. 

Somewhat  variable  and  often  complex  syndromes  result,  of  which  only 
a  very  summary  description  can  be  given. 

They  differ  mainly  from  the  syndromes  produced  by  wounds  of  the 
peripheral  nerve  trunks  in  the  fact  that  there  is  a  different  distribution 
of  motor  and  sensory  disturbances.  In  the  case  of  the  roots  and  primary 
trunks,  we  have  radicular  distribution  ;  in  the  c.-ise  of  lesion  of  the 
secondary  trunks  we  have  a  distribution  midway  between  that  of  the  roots 
and  of  the  peripheral  nerves. 

We  shall  study  in  succession  : 

1.  The  r.idicular  syndromes  resulting  from  lesion  of  the  roots  or 
primary  trunks  ;  these  result  from  lesions  above  tlit  clavicle  and  affecting 
the  nerve  trunks,  either  in  the  supra-clavicular  fossa,  or  between  the  scaleni, 
on  the  sides  of  the  vertebral  column,  or  even  on  a  level  with  the  inter- 
vertebral foramina. 

2.  The  plexus  syndromes  strictly  so  called,  corresponding  to  lesions  of 
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the  secondary   trunks  and  of  their  branches ;  these  result  from   lesions 
affecting  t>  '  clavicular  region  or  the  upper  part  of  the  axilla. 

We  h:i\'c  already  remarked  that  the  roots  and  primary  trunks  are 
frequently  affected  separately,  producing  partial  paralysis  of  the  brachial 
plexus.     The  secondary  trunks,  on  the  other  hand,  closely  adhering  to  one 


Anterior  view. 


Posterior  view. 


Root 

ilistrihutir 

The  ruiliciilar  seii 


Peripheral  Root 

<listrlhtition.  tlistribution. 

—Root  and  peripheral  sensory  regions. 

,  ons  are  imiicated  by  hoiizontal  lines,  parallel  to  the  axis 
ot  the  linihs. 


another,  arc  more  frequently  affected  as  a  whole  and  often  produce 
complete  paralysis  of  the  brachial  plexus  ;  still,  it  is  possible  to  find  among 
them  syndioincs  of  partial  lesion.  On  the  other  hand,  the  close  'clations 
of  the  secondary  trunks  with  the  axillary  vessels  explain  the  frequent 
association  of  lesions  and  v.tscular  syndromes  which  complicate  strikingly 
any  clinical  investi(r.''tion. 


I.-RADICULAR      YNDROMES  (ROOTS  AND  PRIMARY  TRUNKS) 

The  general    character  of  the  radicular  syndromes  is  essentially  the 
root  distribution  of  motor  and  sensory  disturbances. 

On  the  other  hand,  however,  a  great  number  of  muscles  arc  supplied 
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by  two  and  often  three  different  roots,  consequently,  partial  paralyse,  of 
these  muscles  will  often  be  found. 

a„,«r'^''\""r  "^'"^  T'  "■""  "«=  "*«"^'^^-  "'■■"^'^y  substitutions; 
anesthesia  therefore  resulting  from  radicular  lesions  is  frequently  less 
obvious  than  anesthesia  from  lesions  of  the  trunks. 

We  shall  describe  diagrammatically  three  partial  radicular  syndromes, 
corresponding  to  lesions  : 

^  1.  Of  the  fifth  and  sixth  cervical  roots-  -  upper  radicular  group  comprised 
m  the  upper  primary  trunk. 

2.  Of  the  seventh  cervical  root  .-iiu!  the  middle  radicular  trunk 

3.  Of  the  eighth  cervical  r<K.t  and  the  first  dorsal  -lower  radicular 
group,  comprised  in  the  lower  radicular  trunk. 


I 

V; 
1' 


I—UPPER   R.ADICULAR   GROUP,   FIFTH   AND   SIXTH 
CERVICALS.     (ERB-DUCHENNE  SYNDROME) 
I.  Lcsious  of  the  upper  radicul-.r  group  are  characterised  essentially  by 
paralysis  of  the  following  muscles  supplied  by  its  terminal  branches  5 


l)clt(.i<l. 
Bu  t'ps, 

Kr.'irliialis  anticus, 
Supinatiir  loiiguK. 
Muscles  of  till  shoulili-r. 


Ante 


Fir..  2 1 1 .— tTppcr  radicular  yroiip.     Motor  topography, 

Deltoid  (circumflex  nerve). 

Biceps  and  brachialis  (musculo-cutaiicous  nerve). 

Supinator  longus  (musculo-spiral). 


Posterior  vitw. 
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We  nceil  not  insist  on  the  nature  of  these  paralyses,  which  have 
already  been  studied.  We  simply  call  attention  to  the  fact  that  flexion  of 
the  fore-arm  on  the  arm  is  completely  suppressed,  since  the  biceps  and  the 
supinator  longus  are  both  paralysed. 

2.  There  is  also  found  paralysis  of  the  following  muscles  : 

Pectoralis  major  (clavicular  head  only). 

Supra-spinatus  and  infra-spinatus. 

Subscapularis. 


Kir;.  211. — Upper  radinilar  pa^alysi^  »ri)m 
wound  in  the  cervical  region.  Atrophy  of 
muscles  of  the  shoulder,  deltoid,  supra- 
splnatu",,  infra-spinatus,  rhonilioideus  major 
atitt  minor,  sorratus  magnus  ;  displacement 
ot  the  shouhler-blade. 


Ftr,.  213. — ITppcr  radicular  paralysis  from 
"•renchinj;  of  the  fifth  and  sixth' cervicals. 
Atrophy  of  shoulder,  of  biceps,  hrachialis 
anticus  and  supinator  longus.  Impossible 
to  flex  the  elbow  or  raise  the  shouKlcr. 


Teres  major,  the  nerves  of  which  originate  in  the  upper  primary 
trunk  or  its  branches.  ' 

If  the  lesion  affects  the  roots  near  their  origin  wc  even  find  paralysis  ot 
the  scrratus  m.ignus,  of  the  rhomboids  and  the  levator  anmilj  scapul.t- 

There  results  atrophy  of  ail  the  scapular  muscles,  displacement  of  the 
shoulder-blade,  giving  the  appearance  of  winged  scapula  ^rhomboids  and 
levator  scapul.^)  and  the  almost  absolute  impossibility  of  imparting  to  the 
shoulder-blade  the  balancing  movements  which  might  sliehtly  compensate 
for  paralysis  of  the  deltoid  (serratus  magnus). 

3.  Finally,  the  upper  radicular  group  partially  supplies  the  following 
muscles  :  coraco-br.ichial  ;  triceps  ;  radial  extensors  and  supinator  brevis  • 
pronator  r.id.i  teres  and  flexor  c.rpi  radialis  ;  the  extensor  and  flexor 
muse'     of  the  thumb. 
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These  muscles  will  be  slightly  weakened. 

4.  Sensory  disturbances,  which  take  place  over  an  area  parallel  to  the 
axis  of  the  limb,  are  never  characterised  by  so  complete  an  anaesthesia  as 
that  of  trunk  lesions.     We  find  a  rather  well-defined  area  of  hypo-*sthcsia 

occupying  the  regions  C-S  and  C-6  ;  it 
extends  over  the  outer  surface  of  the  arm 
and  the  fbre-arm  ;  it  docs  not  reach  the 
hand,  but  at  most  extends  on  to  the  base  of 
the  first  metacarpal. 

The  supinator  jerk,  from   percussion  of 
the  styloid  process,  is  abolished. 

II.— MIDDLE  RADICULAR 
SYNDROME 
Paralysis  of  the  seventh  cervical  or  of 
the  middle  radicular  trunk,  is  essentially 
characterised  by  paralysis  of  the  muscles 
supplied  by  the  musculo-spiral  nerve,  with 
the  exception  of  the  supinator  longus,  which 
is  untouched. 

The  triceps,  weakened,  is  not  completely 
paralysed,  for,  as  we  remember,  it  is  partially 
supplied  by  the  sixth  cervical. 

There    also    persist    some    very    feeble 
movements  of  the  extensors  and  the  extensor 
ossis  metacarpi  pollicis  (supplied  partially  by 
C  -6)  and    even    slight  movements   of  the 
extensor  indicis  and  the  extensor  minimi  digiti  (C-6  and  C-8). 

The  syndrome  pioduced  is  almost  exactly  that  of  saturnine  paralysis 
accompanied  by  similar  integrity  of  the  supinator  longus. 

The  sensory  region  of  the  seventh  cervical  is  extremely  restricted.  It 
comprises  at  the  most  a  small  tract  of  slight  hypo-.-psthesia  extending  over 
the  dorsal  surface  of  the  fore-arm  and  the  external  part  of  the  dorsal 
surface  of  the  hand. 

The  olecranon  reflex  is  abolished  or  inverted. 


tit:  214. — llpjier  railiriilar  para- 
lysis. Hypo-a-slhcsia  C-5  an.l 
('-6. 


! 
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III.-LOWER   RADICULAR   GROUP   (ARAN-DUCHENNE 
SYNDROME) 

Lesion  of  the  eighth  cervical  root  and  of  the  first  dorsal  or  of  the 
lower  primary  trunk  is  characterised  by  paralysis  of  the  flexores  digitorum, 
the  flexor  carpi  ulnaris,the  intcrossei,  the  thenar  and  hypothenar  eminences 

Summarising,  we  may  state  that  the  muscles  supplied  by  the  median 
belong  to  the  region  of  the  eighth  cervical,  where.is  the  ulnar  principallv 
carries  hbres  of  the  first  dorsal. 
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Trict'iii  (incoiii- 

plirc). 
Radial  extensors, 
Extensors  of 

lingers. 


Kifi.  J 1 5. — Middle  radicular  group  (seventh 
cervical).     Motor  topography. 


Kk;.  216. — Middle  radicular  group. 
Sensory  topography. 

Fi<;.  217. — Middle  radicular  para- 
lysis from  wound  of  the  cervical 
region. 

Consiilcrable  weakening  of  the  tri- 
ccps.  Paralysis  of  the  ra<lial  ex- 
tensors and  extensores  digitoniin  ; 
attitude  ot  musculo-spiral  para- 
lysis. (Lesion  of  the  seventh 
cervical.) 

Ii.  this  case  the  sixth  cervical  has 
also  K-en  affected,  for  though  the 
deltoid  is  almost  untouched,  the 
biceps  is  weakened  and  the  supi- 
naior  longus  almost  completely 
paralyscil,  whereas  it  ought  to  be 
wholly  untoucheil  in  paralysis 
limited  to  the  seventh  cervical. 

Integrity  of  movements  in  bending 
the  lingers.  Weakening  of  pro- 
nation and  (lexion  of  the  hand 
(pronators,  llexor  carpi  railialis, 
palmaris  longus,  sixth  and  seventh 
cervicals). 

Hy))o-;tsthe5ia,  somewhat  more  ex- 
teniled  in  an  isolated  lesion  of  the 
middle  radicular  trunk,  occupies 
a  track  covering  the  external  part 
of  the  fore-arm  and  stretching 
forwards  and  backwards  alniusl 
J  the  middle  line  of  forearm  and 
hand. 


330 


NERVK   WOUNDS 


A  lesion  of  C-8  and  D-i  rcprixlucw  very  nearly  the  appearance  of 
assoe.a,c-d  paralyse  of  the  median  and  ,he  ulnar  with  flatten^  hand  or 
mian   gr.p,   according    as  we   have    complete    interruption    or    nerve 
irritation. 


\ 


Klixori'5  cli^iinniiii, 
Kli'xorrarpi  iilnarit. 
Mii«(lcs  ot  the 
hanil. 


Motor  topography. 
Kii.-.  218  ami 


Sensory  topography. 
\').   -Lower  raillniUr  yroiip  f-8  in  D-i. 


The  muscles  of  the  thenar  eminence,  however,  particular!  V  the  abductor 
pollics,  receive  some  fibres  of  C  7  and  even  of  C-6  ;  the  abductors  „f  ,he 
thumb  seem  to  be  supnlied    mainly  by  C  8,  in 
contradistinction  to  the  other  interossei,  for  which 
D-I  seems  predominant. 

/vastly  the  pronator  radii  teres  and  the  flexor 
carpi  radialis  receive,  mostly  through  the  external 
root  of  the  median,  fibres  cominp  from  C-6 
and  C-7.  They  are  largely  unaffected  in  lower 
radicular  paralyses. 

Sensory  disturbances  are  characterised  in  lower 
root  lesions  by  a  band  of  hypo-a;sthesia  of  the 
inner  side  of  the  limb. 

On  the  internal  surface  of  the  arm,  we  note 
the  integrity  of  the  triangular  region  supplied  by 
the  second  and  third  dorsals. 
Int..  tl>,.  tract  of  l,ypo-a;sthcsia,  however,  on  the  inner  side  of  the  arm, 


Klf..      2JG. 

graphy. 
hand. 


.i^.'ttor     fojK). 
Mum  l,.<  of  the 
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there  fits  the  triangular  zone  responding  to  the  second  and  third  dorsal 
roots. 

The  ulnar  periosteal  reflex  is  abolished. 


OCULO-PUPILIARV    SvMPAIHEriC    SvNDROME 

It  may  be  ri-membercd  that  the  communicating  branch  supplied  to  the 
lower  cervical  ganglion  by  the  first  dorsal  root  carries  to  the  cervical 
sympthetic  the  fibres  of  the  cilio-spinal  medullary  centre. 


iV'T  •'?'■'■  "''"•"'."'"  paralysis  from  woun.l  in  lower  rervical  region,  »iih  fracture 
of  ihe  clavicle.  Integrity  ot  the  .lelioi.l,  biceps,  supinator  lonpis,  triceps  an.l  extensor 
muscles  Paralysis  an.l  atrophy  of  the  enitrochlear  muscles ,  persistence  of  the  move- 
inents  ot  llexor  carpi  ra.lialis  an.l  espe'cially  of  the  pronator  ra.lii  teres.  Paralysis  an.l 
atrophy  ot  all  the  muscles  ot  the  han.l.  The  lesion,  of  a  neuritic  type,  has  .letermin«l 
libroiis  contraction  ot  the  lle«.iri-«  .liVJi  ....  .  'r  • 

ilisturbances  of  the  nails. 


fibrous  contraction  of  the  (lexores  .ligitorum  an.l  of  the  palmar  a^neurosU'rirophic 


the 


If"  this  branch   is  destroyed  by  traumatism,  as  is  usually  the  case  in 
traumatic    wrenching    of  the    roots,    we    have   the   oculo-pupillary 


syndrome  described  by  Mmc.  Dejcrine-Klumke.  This  consists  of  myosi^ 
enophthalmos  and  contraction  of  the  palpebral  fissure  of  the  corresponding 
eye.  However,  it  is  not  found  in  the  lower  radicular  lesions  alone  ;  it  may 
be  notiied  after  lesions  higher  up,  affecting  the  upper  cervical  roots.  But 
in   these   cases   it  does  not  come  from    the  radicular  lesion  itself 


It    IS 
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produced  by  direct  lesion  of  the  ccrviciil  Hympathetic  cimin,  aftlcted  by 
trsumatitm  at  the  same  time  as  the  cervical  roots. 


Total  Radicilar  Paralysis 
Total  radicular  paralysis— as  produced  mainly  by  tearing  of  the  brachial 
plexus  owing  to  violent  traction  on  arm  or  shoulder— is  characterised  by 


"^'^n  "'■~2?''"''"''''"*7  •)■"''"""«  »'•""'  '"i<>n  of  the  lint  righl  .lorsal  root 
(Uejerine-Kliimpkc  syndrome).  Sinking  in  of  the  eye  i  conitriction  of  the  palpebral 
litnire,  myos  v  "^  "^ 

complete  paraiysis  of  the  upper  limb.  Anesthesia  U  complete  on  hand  and 
fore-arm,  there  is  sensation,  however,  on  the  upper  part  of  the  shoulder 
(fourth  cervical)  and  on  the  inner  surface  of  the  arm  where  Is  found  the 
triangular  zone  supplied  by  the  second  and  third  dorsal  roots. 

The  oculo-pupillary   phenomena   previously   described   (first   dorsal) 
naturally  form  part  of  this  syndrome. 

11  -TRUNK  SYNDROMES  OF  THE  BRACHIAL  PLEXUS 

The  syndromes  produced  by  lesions  of  the  sccondar)-  trunks  and  their 
branches  of  division  closely  resemble  peripheral  syndromes. 
Three  partial  types  may  be  described  : 

1.  Syndrome  of  the  upper  secondary  trunk,  corresponding  to  paralysis 
of  the  musculo-cutaneous  and  of  the  outer  head  of  the  median. 

2.  Syndrome  of  the  posterior  secondary  trunk  (musculo-spiral  circumflex 
trunk),  characterised  by  complete  paralysis  of  the  circumflex  and  the 
musculo-spiral, 

3.  Syndrome  of  the  lower  secondary  trunk,  corresponding  to  paralysis 
of  the  ulnar  and  of  the  inner  head  of  the  median,  along  with  lesion  of  the 
internal  cutaneous,  and  of  the  lesser  internal  cutaneous. 

A*:  we  sec,  these  syndromes  consist  of  the  associated  paralysis  of  two  or 
more  peripheral  nerves. 
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We  muft  lay  strew  on  the  topography  of  the  inner  and  outer  head»  of 
the  median.  In  paralysis  of  the  upper  secondary  trunk  (outer  head  of  the 
median)  we  have  found  complete  paralysis  of  the  pronator  radii  teres  and 
almost  complete  paralysis  of  the  flexor  carpi  radialis  accompanied  by 
weakening  of  the  flexor  pollicis  and  of  the  opponens. 

Again,  in  another  case  of  lesion  of  the  lower  Hcondary  trunk  (inner 
head  of  the  median),  there  was  paralysis  of  the  flexores  digitorum,  with 
preservation  of  some  degree  of  flexion  of  the  thumb  and  of  opposition, 


iij.  —  Symlroiiif  of  ihi-  iip|>tr 
seoomlary  trunk  coiiiprisins  the  oiiitr 
hiail  of  the  mcilian. 


Kk..  22+.  —  SynilroiUf.-  of  lower 
wconilarj  trunk  comprising  the 
inmr  lifail  ot  the  innlian. 


almost  complete  integrity  of  the  flexor  carpi  radialis  and  complete  integrity 
of  the  pronator  radii  teres. 

The  cases,  moreover,  of  partial  lesion  of  the  brachial  plexus  behind  the 
clav,cle  and  at  the  level  of  the  axilla  are  not  very  frequent ;  more  often  we 
hnd  important  lesions  affecting  almost  all  the  branches  of  the  plexus.  Still 
these  branches  are  unequally  aftectcd,  and,  as  time  goes  on,  we  may  find 
that  complete  paralysisat  theoi.'ot  becomes  dissoci.ited  paralysis  when  the 
less  affected  branches  have  resumed  their  functions. 

Finally,  association  with  vascular  lesions  is  extremely  frequent, 
introducing  into  the  clinical  .,icture  the  complication  of  more  or  less 
pronounced  symptoms  of  ischa-mic  paralysis. 
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In  ihit  chapter  wc  have  contented  uurielve*  wkh  giving  a  general 
and  lyttematic  tumnwry  of  the  tyndromc*  of  the  brachial  plextw.  It  it 
powible,  of  coune  to  find  the  moM  divene  awociationi  i  we  al«o  meet  with 
everj'  clinical  variety  currevponding  to  the  nature  of  the  Iction  :  lyndrome* 
of  complete  interruption,  of  comprewon,  nerve  irritation  form*,  or  limple 
neuralgic  tyndromen. 

There  it  no  need  to  detcribe  them  j  their  characteristics  arc  exactly 
the  Mme  at  tiioie  of  the  various  peripheral  tyndromes. 


CHAPTER   XIV 

ISCHiBMlC  PARALYSIS  OF  THE  UPPER  LIMB 

Ihh^mic  paralysit  of  the  upper  limb  i«  too  frequently  connected  with 
nerve  wounds  «nd  even  when  clearly  defined  i.  u,  difficult  to  diagnoMr 
that  we  feel  compelled  to  devote  an  entire  chapter  to  it. 

A»  a  rule,  it  follown  obliteration  or  ligature  of  a  large  artery  fg 
subclavian,  axillary  „r  brachial  artery.  Nevertheless,  we  have  found 
ischemic  paraly»i»  following  obliteration  of  the  radial  and  ulnar  arteries,  w 
have  even  met  with  a  very  singular  caw,  after  obliteration  of  the  nidial 
artery  m  the  anatomic  snuff-box,  accompnied  by  i»cli*mia  of  hand  and 
fingers. 

I8ch.-emic  paralysis  may  also  be  seen  after  prolonged  contraction  of  the 
upper  limb  j  plaster  of  Paris  applied  too  tightly  is  the  most  frequent  cause 
of  such  paralysis. 

The  mechanism  of  isch*mic  paralysis  caused  bv  obliteration  of  an 
arterial  trunk  is  far  from  being  clear.  Only  a  few  obliterations  of  arteries 
are  accompanied  by  ischemic  phenomena.  For  instance,  out  of  thirty-two 
cases  of  ligature  of  the  axillary  and  sub-clavian,  we  have  found  no  more 
than  five  c.iscs  of  genuine  ischemic  paralysis,  some  others  complained  of 
slight  signs  of  isch.i-mia,  |  robably  transitory;  most  of  them  showed  no 
disturbance  whatsoever. 

In  a  similar  lesion,  such  as  ligature  of  the  axillary,  the  extent  of  the 
ischemic  region  m.-»y  vary  considerably  ;  wc  have  seen  paralysis  aflfcct  only 
the  hand  or  rise  as  far  as  the  elbow. 

In  these  cases  the  integrity  and  distribution  of  the  collateral 
circuLition  constitute  an  important  individual  factor,  in  most  c.iscs  free 
from  paralysis,  we  quickly  observe  the  reappearance  of  the  radial  pulse 
momentarily  suppressed  by  ligature  ;  the  arterial  blood-pressure  becomes 
almO:>t  normal. 

On  the  other  hand,  we  sometimes  find  cases  where  arterial  anastomoses 
are  lacking,  where  the  radial  pulse  does  not  reappear;  nevertheless, 
there  are  but  few  ischiemic  phenomena,  or  none  at  all.  For  instance,  we 
have  seen  two  patients  who,  three  months  previously,  had  submitted  to 
ligature  of  the  axillary  ;  in  both  cases  the  radial  pulse  wa-;  suppressed  ; 
both  had  almost  identical  vascular  tension,  viz.  scarcely  any  at  all  ;  and' 
yet  the  symptoms  observed  were  totally  different. 
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By  the  Pachon  sphygmomanometer,  the  first  had  a  tension  of  1 7-8  on 
the  healthy  side  ;  of  9-8  with  scarcely  any  oscillations  on  the  ligature 
side  }  however,  there  was  but  slight  cyanosis  and  cooling  of  the  hand. 

The  second  on  the  healthy  side  had  a  tension  of  22-9  ;  on  the 
paralyse:!  side  the  tension  was  1 1-9  with  very  faint  oscillations,  though 
perceptibly  stronger  than  in  the  former  case  ;  he  presented  an  insUnce  of 
complete  ischa-mic  paralysis  accompanied  by  fibrous  transformation  of  the 
hand. 

Probably  the  elasticity  of  the  vessels,  the  presence  or  absence  of 
atheroma,  the  phenomena  of  vaso-motor  spasms  play  an  important  part  in 
these  cases,  as  well  as  the  nerve  lesions  so  often  associated  with  arterial 
lesions. 

In  addition  to  real  ischemic  paralysis,  mention  must  be  made  of  the 
more  or  less  obscure  syndromes  of  ischemia  from  arterial  obliteration  which 
often  accompany  nerve  lesions  :  particularly  lesions  in  the  brachial  plexus 
at  the  level  of  the  axilla  and  wounds  of  the  median  and  ulnar  on  the 
inner  side  of  the  arm. 


CHARACTERISTICS  OF  ISCHEMIC  PARALYSIS 

We  may  describe  two  phases  in  the  evolution  of  ischemic  paralysis. 

I.  In  the  first  phase  we  note  cedematous  infiltration  of  the  ischemic 
regions. 

The  hand  is  cold,  either  simply  cyanosed  or  of  the  reddish  tint  of  the 
lees  of  wine;  it  is  infiltrated  with  a  soft  swelling  which  is  not  confined 
simply  to  the  sub-cutaneous  cellular  tissue,  but  spreads  over  the  muscles, 
giving  them  a  sort  of  pasty  consistence;  the  skin  is  infiltrated  and 
thickened,  though  remaining  dull  and  dry. 

Movement  is  not  completely  abolished,  and  the  patient  can  still,  though 
with  considerable  trouble,  move  his  fingers  slightly.  Passive  movements 
also  are  still  possible,  although  ti.e  resistance  caused  by  fibrous  transforma- 
tion of  muscles  and  articulations  is  quickly  developed. 

Sensation  has  not  altogether  disappeared  ;  we  even  find,  as  a  rule,  the 
coexistence  of  very  marked  hypo-»sthesia  and  of  painful  hyper-«sthesia  : 
patients  complain  of  a  numbed  feeling  in  the  hand  ;  all  stimuli  of  touch  or 
pain-provoking  heat  arc  )iicompletely  perceived,  badly  localised,  and  above 
all,  imperfectly  differentiated ;  but  each  of  these  stimuli  gives  rise  to  a 
very  painful  sensation. 

Deep  sensation  is  somewhat  better  retained  than  superficial  sensation. 

Finally,  these  patients  often  complain  of  acute  pains  :  burning  or 
freezing  sensations  with  formication  or  numbness  of  the  hand  ;  deep 
pressure,  cutaneous  stimuli  and  cold  more  especially  intensify  these 
sensations  ;  heat  mostly  calms  them  somewhat,  and  the  patients  carefully 
wrap  the  hand  in  warm  gloves  or  cotton-wool. 
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Sensory  disturbances  gradually  increase  from  the  root  to  the  extremity  of 
the  limb,  their  topography  is  therefore  vaguely  segmental. 

?.  In  the  second  phase,  we  see  fibrous  transformation  of  the  infiltrated 
tissues. 

After  a  few  weeks,  uedema 
begins  to  diminish  ;  but  the  sub- 
cutaneous cellular  tissue,  the 
aponeuroses,  the  tendons,  are  gradu- 
ally embedded  in  a  veritable  fibrous 
mass  ;  the  muscles  become  puffy, 
they  harden,  atrophy,  contract  and 
gradually  acquire  a  woody  con- 
sistence. 

The  skin  becomes  smooth  and 
shiny,  of  a  violet  or  even  vivid 
red  colour,  it  is  thin,  dead-looking, 
hard  and  adherent  to  the  subjacent 
tissues;  the  nails  bend  in  like  claws, 
the  fingers  taper  off  and  sometimes 
become  incurved,  following  the 
fibrous  contractions,  the  projections 
of  the  muscular  bellies  disappear. 

After  the  slightest  traumatism  we  may  find  cutaneous  ulcers  of  a  dry 
sloughy  type,  their  cicatrisation  is  often  a  very  long  process. 

All  active  or  passive  movements  disappear  progressively ;  anesthesia 


Fif;s.  125  ami  216. — Topography  of  nnxs- 
thesis  in  two  cases  of  ischemic  paralysis. 


I 


Fig.  227.— Ischa-mic  paralysis  tollowing  ligature  of  the  axillary.     Fibrous 
transformation  of  the  hand. 

appears  and  becomes  complete  ;  the  pain  also  calms  down  ;  and  the  hand 
IS  gradually  transformed  into  a  sort  of  fibrous,  rigid,  inert  and  insensitive 
appendage. 

In  true  ischemic  paralysis  the  hand  is  habitually  extended,  the  fingers 
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slightly  flexed,  but  in  the  case  of  associated  nerve  lesion,  it  may  be  flexed  in 
a  fibrous  grlffe^  which  recalls,  in  pronounced  or  distorted  form,  the 
neuritic  griffe  of  the  median  or  the  ulnar. 


Fig.  h8.— Ischemic  paralysis  following  the  crushing  and  obliteration  of  the 
brachial  arter)-.     Fibrous  transfonnation  of  the  hand. 

Too  frequently  isch.Tmic  paralysis  is  incurable,  but  considerable  improve- 
ment may  be  obtained  by  permanent  warm  covering,  hot  baths,  prolonged 
massage  and  mobilisation  and  galvanic  or  faradic  electrical  stimulation. 


Fk,.  2 j 9.— Ischemic  pralysis  from  lesion  of  the  axillary  with  association  nt  nerve  <lis- 
turhances.     Fibrous  haml,  completely  immobilised  in  the  position  of  ulnar  ^fiv^.-. 


DIAGNOSIS 


Ischa-mic  paralysis  is  distinguished  from  nerve  lesions  by  the  following 
characteristics  : — 

I.  Distribution  of  motor  and  sensory  disturbances  corresfionding  ti»  no 
periphfr.-il  nerve  topography.     On  the  contrary,  it  is  segmentary. 
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All  these  disturbances  arc  pronounced  at  the  periphery  and  gradually 
diminish  towards  the  root  of  the  limb. 

2.  The  special  pufFy  or  wooded  consistence  of  all  the  tissues. 

3.  Suppression  of  the  radial  pulse. 

4.  In  some  cases  it  is  even  possible  to  ascertain  that  there  is  no  real 
paralysis  :  a  few  imperfect  movements  continue  for  a  long  time  :  we  find 


Fit;,  ijo. — Ischxiiiic  paralysis  from  lesion  ot  the  brachial  artcr)-. 
Assoriatcil  with  median  griffe. 

that  the  muscles  are  not  really  paralysed  but  are  immobilised  by  fibrous 
infiltration. 

5.  Eloctrical  rc.ictions  likewise  arc  somewhat  different  :  there  is  no 
polar  inversion,  but  enormous  hypo-excitability  which  speedily  becomes 
complete  inexcitability  ;  as  long  as  electrical  excitation  is  capable  of  causing 
muscular  contraction,  we  can  obtain  this  movement  by  exciting  the  nerve 
from  a  distance  or  at  the  motor  point,  :is  well  .is  by  excitation  of  the 
muscle  itself. 
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PART   III 
LOWER  LIMB 

CHAPTER  XV 
SQATIC  NERVE 

The  sciatic  is  by  far  the  most  frequently  aflFected  nerve  in  the  lower  limb. 
The  bulk  of  its  trunk,  the  length  of  its  course,  the  number  and  im- 
portance of  its  branches  which  supply  the  greater  part  of 
the  lower  limb,  render  it  particularly  vulnerable. 


ANATOMY  OF  THE  SCIATIC   NERVE 

The  large  sciatic  nerve  is  the  longest  and  most  widely 
distributed  in  the  human  body. 

It  originates  in  the  fourth  and  fifth  lumbar  roots, 
through  the  medium  of  the  lumbosacral  cord,  and  more 
particularly  in  the  first,  second  and  third  sacral  roots ;  it 
represents  "  the  sacral  plexus  condensed  in  one  nerve  cord." 
(Cruveilhier.) 

All  its  original  branches  are  united  at  the  level  of  the 
sciatic  notch. 

It  passes  round  the  ischial  spine  and  descends  in  the 
posterior  part  of  the  buttock  between  the  ischium  and 
the  greater  trochanter,  covered  by  the  mass  of  the  gluteal 
muscles  and  the  pyramidalis,  and  also  below  this  muscle 
by  the  lower  part  of  the  gluteus  maximus. 

It  descends  in  the  posterior  part  of  the  thigh  into 
the  inters()ace  comprised  between  the  semimembranosus 
and  the  semitendinosus  wir'M'n,  and  the  biceps  without. 
It  rests  on  the  posterior  surface  of  the  femur  which  is 
covered  by  the  insertions  of  the  adductors  and  by  the 
vastus  externus. 

It  becomes  superficial  at  the  upper  end  of  the  popliteal 
space,   in   the   neighbourhood   of  which   it    divides    into 
its    two    terminal    branches — the    external    popliteal    and    the    internal 
popliteal. 

The  level  at  which  this  division  takes  place  is  extremely  variable  ;  it 
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may  be  very  high,  sometimei  these  two  branches  rise  as  far  up  as  the 
pelvis,  distinct  from  each  other  yet  in  close  apposition,  in  gun-barrel 
rashion. 

Collateral  Branches 

Along  its  course,  the  trunk  of  the  great  sciatic  nerve  supplies  : 
I.  The  upper  nerve  to  the  semitcndinosus,  which  arises  very  high  ud 
immediately  below  the  tuberosity  of  the  ischium.  /     e       p» 


Superior  gluteal  N. 

N.  to  the  pyramidalii 

Inferior  gluteal  N.j 

Potteriorcuutieout  N.  (per.  br.) 
Pouerior  cuuneoui  N.  (thigh) 

Nerve  to  the  Ktnitendinosus 

N.  to  the  semimembranosui 
Nerve  to  the  semitcndinoius 


Int.  [jop.  N. 
N.  to  int.  head  of  gastrocnemius 

Ext.  »aph.  N. 


Inf.  gluteal  N. 
CJreat  iciatic  N. 

N.  to  short  head  of  biceps 
N.  to  long  head  of  biceps 

Int.  pop.  N. 
t.  pop.  N. 
N.  to  ext.  head  of  gastrocnemius 


Fig.  232.— Sciatic  nerve  and  its  collateral  branches  in  buttock  and  thigh. 
(Aftpr  Sapjicy.) 

This  is  the  reason  why  the  scmitendinosus  is  often  untouched  in  lesions 
of  the  sciatic. 

2.  The  nerve  to  the  long  head  of  the  biceps  which  appears  at  a  very 
variable  level,  most  frequently  in  the  middle  region  of  thigh. 

3.  The  nene  to  the  semimembranosus  which  oriiiinates  at  the  same 
level  and  often  from  the  same  trunk  as  the  nerve  to  the  biceps. 
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4.  The  nerve  to  the  short  head  of  the  biceps,  the  origin  of  which  also 
varies  considerably,  being  usually  a  little  below  the  nerve  to  the  long  head. 
To    these    collateral 


branches  must  be  added 
another  supplied  by  the 
sciatic  to  the  adductor 
magnus  and  the  upper 
articular  nerve  uf  the 
knee.' 

There  is  no  need  to 
dwell  on  the  function  of 
these  muscles,  all  being 
flexors  of  the  leg  on  the 
thigh. 

Sufficient  to  note  that 
the  order  in  which  these 
branches  break  away  from 
above  downwards  ex- 
plains the  frequent  weak- 
ening of  the  biceps  in 
lesions  of  the  sciatic, 
whereas  the  semimembra- 
nosus and  especially  t^e 
semitendinosus  are  n  ,; 
frequently  untouched. 

Terminal  Hranlhes 

The  division  branches 
of  the  sciatic  nerve  really 
constitute  two  distinct 
nerves,  antagonists  of  etch 
other  :  the  external  popli- 
teal, the  nerve  of  exten- 
sion, homologous  to  the 
terminal  part  of  the 
musculo-spiral,  and  the 
internal  popliteal,  the 
nerve  of  flexion,  more 
widely  distributed  and 
representing  both  the 
median  and  the  ulnar. 


•#:>^ 


Uiiitciii  inaximm" 


Small  sciatic  nerve- 


P 
R 


^^ 


e 


Int.  pop.  N.  — I 

Int.  saph.  N. 
Ext.  popl.  N. 

Int.  saph.  V. 
Ramus  cnmmimicans  fibularis 

Int.  head  of  gastrornemius 

Int.  saph.  N. 


Int.  saph.  \.  — I 
Ext.  S.iph.  N.  — - 

Post.    ':').  N.  (calcaneal  branch)   - 


Posterior  aipect. 
Fig.  2  J3. — Siii>erlicial  nerves  ot"  the  lower  limb.     (From 
two  skeiches  by  Hirscht'el.l.) 


I — EXTERNAL  POPLITEAL  NERVE 

The  external  popliteal  breaks  away  in  the  neighbourhood  of  the  upper 
end  of  the  popliteal  sp.-ice. 
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It  proceed*  along  the  internal  border  of  the  biceps,  crosses  the  .  .ter 

l!5^TTu"'V"^"  "*'"*'*  ^y  ""^  «'"'"»'  •'"«'  of  gMtrocnemiuspa»« 
behind  the  head  of  the  fibula,  and  goes  round  the  neck  of  this  bone  to 
reach  the  antero-external  region  «f  the  leg.  At  this  level  it  is  very  super- 
hcial,  resting  directly  on  the  periosteum  of  the  fibula  where  it  may  be 


Fibular  cut. 
Kxt.  pop.  N, 


N.  to  lib.  ant. 
Ram.  cofiimunicans  lihiilarit 


Ext.  laph.' 


Anier.  tib.  N. 
Muic  .nit.  N. 
Antcr.  tiK  N. 


Anaitom.  of  rami  commiin!- 
lantcj  tibialis  et  fibiilaris 

Extcr.  saph.  N. 
(terminal  br.) 


Muse.  cut.  N,  (cut.  br.) 


nastom.  of  ext.  saph.  ami 
nuisnilo'cutanfous 
Anastom.  of  ant.  tibial,  anil 
musculo-cutancous 


Fi...  2  34.--External  popliteal  ner\r.    (After  Hirschfcltl.) 


involved  in  case  of  fracture  ;  it  is  immediately  covered  by  the  aponeurosis  and 
the  skin. 

It  penetrates  into  the  antero-external  compartment  of  the  leg  passing 
along  a  musculo-fibrous  canal  formed  by  the  origins  of  the  peroneu's  longus. 
Inside  this  canal  it  divides  into  its  two  terminal  branches. 


CoLLAiF.RAL  Branches 

After  sending  out  an  articular  branch,  the  external  popliteal  supplies  : 
1.  The  ramus  communicans  fibularis  which  descends  upon  the  posterior 
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surface  of  the  external  head  of  gastrocnemiu*  and  is  distributed  to  the  tkin 
of  the  rxternal  and  posterior  region  of  the  leg  and  the  heel.  At  this  level 
it  anastomoses  with  the  external  saphenous  (internal  popliteal). 

2.  The  peroneal  cut.-ineous  branch  or  external  cutaneous  nerve  of  the 
leg,  which  appears  at  the  same  level  as  the  former  and  descends  outside  it, 


Ext.  pop.  N. 


Pvnincui  longui 


Miisculo.ciitaneoti>  N.- 


Extcnior  long,  dlgitorum  —■ 


Kxler.  saph.  N.    ...^... 


'Anterior  tibial  N. 
Tibialii  anticui 


Eitcnwr  propr.  hallucis 


•  Am.  tibial  N. 


^"■-  ^iS- — Miisculo-cutanioiis  nerve  and  anterior  tiliial  nerve. 
(After  Hirscht'eld,  simplilieil.) 

distributing  itself  over  the  upper  part  of  the  antcro-external  region  of  the 
leg. 

Terminal  Branches 

I.  Anterior  tibial  nerve. — This  nerve  penetrates  into  the  compartment 
of  the  extensors,  and  descends  at  first  outside,  then  in  front  of,  and  later 
internal  to  the  antcriur  tibial  artery,  it  then  lies  deeply  in  the  muscular 
interspace  that  separates  the  .interior  tibial  on  the  inner   side  from  the 
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extenw  nmmunis  and  later,  firom  the  extemor  proprim  halluci*  on  the 
outer  tide. 

At  the  level  of  the  annular  ligament  of  the  ankle,  the  nerve  paiMt 
beneath  the  tendon  of  the  extensor  halluci  ..ppcar.  on  it»  external  border 
and  splits  up  into  its  terminal  branches. 

The  anterior  tibial  nerve  supplies  from  it!i  collateral  branches  • 

1.  The  tibialis  anticus  by  means  of  two  branches,  superior  and 
inferior. 

2.  The  extensor  communis  digitorum  pedis  t 
J.  The  extensor  proprius  hallucis. 

At  its  termination,  it  divides  into  two  branches  external  and  internal. 

The  internal  branch,  more  widely  distributed,  proceeds  along  the  first 
intermctatarsal  space,  covered  by  the  extensor  brevis  digitorum,  and 
anastomoses  in  the  most  variable  fashion,  with  the  terminal  branches  of  the 
muscuio-cutaneous. 

The  external  branch  is  divided  into  several  shoots  which  also  proceed 
along  the  second,  third  and  fourth  intermctatarsal  spaces  and  anastomose 
with  the  branches  of  the  musculocutaneous. 

It  supplies  the  motor  innervation  of  the  extensor  brevis  digitorum. 

The  anterior  tibial  shares  but  feebly  in  the  sensory  innervation  of  the 
dorsal  surfiice  of  the  foot.  It  mainly  supplies  articular  and  periosteal  twigs  j 
Its  branches  of  cutaneous  sensibility,  when  they  exist,  are  merged  in  the 
branches  of  the  musculocutaneous.  Still,  in  certain  cases  it  »  poMible  to 
meet  with  a  distinct  sensory  region  for  the  anterior  tibial  occupying  the 
dorsal  surfiice  of  the  first  metatarsal  and  of  the  great  toe,  and  especially  the 
first  inter-metatarsal  space. 

2.  XoMmlo-catUeoai  nerve.— The  musculo-cutancous  sepratcs  at  an 
acute  angle  from  the  anterior  tibial,  amidst  the  fibres  of  origin  of  the 
pcroneus  longus. 

In  passing  through  this  muscle,  it  reaches  obliquely  the  i  space 
between  the  extensor  communis  on  the  inner  side,  the  peroneus  '  us  and 
the  peroneus  brevis  lying  on  the  outer  side. 

It  becomes  superficial  at  about  the  lower  third  of  the  leg. 

In  its  course  the  musculo-cutaneous  supplies  : 

The  peroneus  longus  and  the  peroneus  brevis. 

It  supplies  cutaneous  twigs  to  the  lower  part  of  the  antcrocxtcrnal 
region  of  the  leg. 

It  finally  divides  at  the  lower  third  of  the  leg  into  two  tcrmin.il 
branches. 

I .  The  internal  dorsal  cutaneous  nerve  of  the  foot,  which  supplies  the 
internal  collateral   •'■  the  great  toe. 

The  first  do.  interosseous  nerve,  which  produces  the  external 
collateral  of  the  great  toe  and  the  internal  coll.iteral  of  the  second  toe. 

The  second  dorsal  interosseous  nerve,  which  supplies  the  external 
collateral  of  the  second  and  the  internal  collateral  of  the  third  toe. 
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a.  The  middle  donuil  cutaneous  nerve,  which  supplie*  only  the  dorul 
intercMcous  of  the  third  intenpace  and  iti  two  collateral  branchc*. 

It  must  be  noted  that  the  fourth  dorsal  interowcou*  nerve  come*  from 
the  external  uphenout  (internal  popliteal). 

A»  in  the  hand,  the  dontal  collatvraU  do  not  reach  the  extremity  of  the 


Exi«r.  lapli,  N 
Inner  head  uf  KUttrucncmiiu  < 

Int.  |Hip.  N. 
Poller,  tibial.  N, 


Great  •riaiir  N, 
'  Ext.  pip.  N. 
Int.  pop.  N. 

I  Oilier  heail  uf  Kaitrorntmliit 
(N,  to  (oleiit 

>N,  to  tiltialli  |Mittirii( 


N.  to  lung,  flexor* 


I  N.  to  flexor  lont;i»  halliirit 
'  N.  to  tibialii  potliciii 

N,  lo  flexor  longiii 


Host,  tibial  N. 
Calcaneal  branch  . 


Exier.  saph.  N. 


y  in.  J  j6. — Internal  (mpliteal  nrnc  ami  posterior  tibial  mrvc.     (After  Sappiy.) 

toes.     The  ungual  phahmx  is  supplied  by  dorsal  branches  coming  from 
plantar  ccillatcrals. 


II.— INTERNAL  POPLITEAL  NERVE  AND  POSTERIOR  TIBIAL 

NERVE 

More  bulky  than  the  externa!  popl'tcal,  the  internal  popliteal  nerve  is 
continued  in  the  direction  of  the  funk  of  the  sciatic. 

It  traverses  th^  [ropliteal  space  and  is  given  oft  in  the  angle  formed  bv 
the  biceps  :\nd  t'le  semi-r.iembranosus,  passing  downwards  below  into  the 
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forward.  ,h.  „..„  ,,«  „i„  „d  .h^  „,^     xTetch  Jf^hTex^^'l 
-phenou.  vein  opn,.  I  ,0  the  popliteal  ve.^.    rrL.!        l  *"""' 

internal  surfiwre  ..f'tl ,        vc  '  "^  ""  •**'•""'  ""' 


N,  lu  inner  btail  „,  .,mi, 

h  ■■  ■!        1  i' 


Inter.  u|>h.  ^    ,^HH>t.  h 


Exi.  pop.  N. 

Fib.  I'lit. 

N.  'o  »«irr.  bead  of  gaiinwncmiM. 
".  10  wlriw 


R»m.  romm.  lib. 


Pott,  tibial.  N.  (calcaneal  bj  ) 
exicr.  laph.  N.  («-alcaneal  br. 


Anuium.  of  exttr.  m|.Ii,  and  r. 
comm.  lib. 


the  sr^^;;:  s;r  "^'  -^  '^^  -'^-^  '^^  ---'  p-p"-  -^^^ 

The  p,«teri..r  tibial  nerve  descends  between  the  superficial  layer  and 
the  deep  layer  ot  the  posterior  muscles  of  the  leg.     It  L  in  the  ce  luir 

Closely  adheres  to  this  deep  muscular  layer  by  means  of  the  deen  or 
The   pcerio,   ,ibi.l    „,„,,   „ig,„„,.„^    ;„    _^_^    ^^._^^|    _^^^^ 
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cnmtM  the  anterior  surface  of  the  nerve  and  hecome*  internal.  Thus  the 
nerve  Je«cenil«  almoM  midway  between  the  poaterior  tibial  artery  on  the 
iniM,T  *i«le,  and  the  peroneal  artery  on  the  outer  niile. 

At  the  level  of  the  inwep,  the  nervt  and  the  poaterior  tibial  vciael* 
apfirar  in  the  internal  retro>mallcolar  groove )  the  nerve  i«  behind  the 
nrtery  and  internal  to  it,  it.  deeper  and  more  cloaely  adherent  to  the  bone 
covered  by  the  tendon  of  the  flexor  longus. 

It  in  in  thix  retro-malleolar  groove,  at  the  cntranct-  of  the  calcancan 
groove  which  form«  itx  continuation,  that  the  posterior  tibial  nerve  divide* 
into  iia  two  terminal  brani  lien,  the  internal  and  the  c\tcrnal  plantar  nerve*. 


Cui.i.ATi*AL  Branihi* 


I.  In  the  popliteal  space,  the  rtnternal  popliteal  su|ipl(os  a  certain 
number  ot  inutcular  branchei : 

1.  Till   nerve  to  the  inner  bead  of  ■  <strocnemiu>. 

2.  The  nerve  to  the  outer  head  ofga-^-trocnemiuv 
J.  The  iwrve  to  the  soleua. 

4.  The    icrve  to  the  piantaris. 

5.  The  itrve  to  the  popliteus  with  muscular  and  vascular  branches 
and  a  branch  'o  the  interoMieous  membrane. 

6.  It  alsii  >upplies  articular  branches  grouped  by  Cruveiihicr  under  the 
name  of  posterior  articular  nerve  of  the  knee, 

7.  Finally,  it  supplies  an  important  sensory  branch,  the  external 
s;ipht:nous  nerve  or  tibia!  saphenous  which  is  given  off  at  the  upper  or 
til  ddle  part  of  the  popliteal  space,  rejoins  the  extirnal  saphenous  vein  at 
the  upper  part  of  the  leg,  and  descends  with  it  in  i.o  middle  line,  biiiip 
covered  by  the  superficial  aponeii dsis  which  enshL-aths  it  in  a  fibrous 
canal. 

At  the    lower  part    of  the    leg,  it  appears  on  the  outu  >ri  .■  of  t 
Achilles  tendon  and  at  this  level  receives  an  imjxjrtant  anastom  sis  fn 
the  ramus  communicans  fihilaris.     It  finally  re.i<  hcs  the  outer  cd^c  of  the 
foot,  describing  a  curve  round  the  ouii-r  malleolu-. 

The  external  saphenous  nerve  sends  out  no  sensory  twiir  to  the  upjicr 
part  of  the  leg. 

It  supplies  cutaneous  branches  to  the  lower  '  rt  the  leg,  in  the 
malleolar  region  (external  calcanean  nerves)  ;  in  U  nt  '  the  malleolus  it 
anastomoses  with  the  niusculu-cutancous. 

Near  the  tuberosity  of  the  fifth  mctatars,  t  divui  into  two  terminal 
branches  :  the  outer  one  becomes  the  extern.ii  iorsal  oil  iteral  of  the  fifth 
toe  ;  the  inner  one,  the  nerve  of  the  fourtli  inter  jsstt  is  space,  siinnlies  the 
internal  coii;ucr.tI  of  the  fifth  toe  and  the  cxtei  lal  i.  lateral  oJ  the  fourth 
toe. 
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2.  At  the  level  of  the  leg  below  the  fibular  arch  of  the  soleus.  the 

^'ZT  'i'i  """«=.  *''''^''  '^°"«'""«  the  internal  popliteal  supplies  : 
1  he  tibialis  posticus  j 

The  flexor  proprius  hallucis  ; 

The  flexor  communis  digitorum. 

It  also  supplies  vascular  branches,  articular  branches  for  the  tibiotarsal 


Inter,  plantar  N. 

Branch  to  acccuorius 

Br.  lo  adductor  halliicii 

Br.  to  llrxor  hrevit 

Ext.  br 
Int.  bt 


Br.  to  abd.  minimi  digit! 
Br.  to  accessoriiis 

Ext.  plantar  N. 


Ext.  plantar  N.  (deep  branch) 
N.  to  add,  min.  dig. 


{Collateral  to  tors 


Supcrlicial  region. 
Fif;.  2jg.— Plan.ar  ncnes.    (After  Sappiy.) 

articulation  and  sensory  branches  of  but  slight  importance  :  the   internal 
supra-malieolar  branch  and  the  internal  calcanean  nerve. 


Terminal  Branches 

The  two  terminal  brancl.es,  the  internal  and  external  plantar  nerves 
reach  the  sole  of  the  foot  by  the  retro-calcanean  groove  and  separate  at  aii 
acute  angle,  making  their  way  towards  the  inner  and  outer  sides  of  the  foot 

They  proceed  between  the  two  muscular  layers  of  the  sole  of  the  foot  • 
covered  by  the  belly  of  the  short  flexors  ;  lying  on  the  accessorius  which 
separates  them  from  the  interossei  and  on  the  tendons  of  the  flexor 
proprius  hallucis  and  the  flexor  communis  digitorum. 

Their  respective  distribution  somewhat  resembles  that  of  the  median 
and  ulnar  in  the  case  of  the  hand. 

1.  Internal  pUntar  nenre.— Apart  from  its  articular  branches,  the 
internal  plantar  ncnc  supplies  botii  muscular  and  cutaneous  branches. 
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The  muscular  branches  destined  for  the  muscles  are : 

Abductor  hallucis  ; 

Flexor  brevis  hallucis ; 

Flexor  brevis  digitorum  pedis  ; 

Accessor!  us. 

The  cutaneous  branches  arc  of  two  orders.  Firstly,  simple  collateral 
branches  which  perforate  the  plantar  aponeurosis  and  supply  the  plantar 
integuments  from  the  os  calcis  to  the  base  of  the  toes.  These  arc  the 
plantar  cutaneous  nerves. 


Int.  plant.  N 


Ext.  I.r. 
Int.  br. 


N.  t<i  attiluc.  oblii|. 
N.  to  interossei 
N.  to  abductor  'i.insversiis 


Ex.  plant.  N. 


Stipcrlirial  br. 
Deep  br. 


N    to  aildiictor  transvrrsiis 


Dtip  ilissi'ctfon  of  the  foot. 
Ki(..  239. — Plantar  nerves.     (.After  ,Sap|ie)-.^ 

Secondly,  terminal  branches,  two  in  number  : 

The  internal  branch  which  supplies  only  the  intern.-il  plantar 
collateral  of  the  great  toe  ; 

The  external  branch  which  supplies  the  first,  second  and  third 
intcrdigital  nerves  and  the  plantar  collaterals  springing  from  them.  The 
third  intcrdigital  nerve  receives  from  the  external  plantar  nerve  an 
anastomosis  analogous  to  that  supplied  by  the  ulnar  to  the  median. 

It  is  the  plantar  rollatcrals  that  supply,  by  means  of  their  dorsal 
branches,  the  dorsal  surface  of  the  ungual  phalanges. 

8.  External  pUntir  nerve. -The  external  plantar  nerve  also  supplies 
both  muscular  and  cutiineous  branches. 

I.  By  its  collateral  muscular  branches  it  supplies  the  abductor  minimi 
digiti  pedis  and  the  flexor  brevis  minimi  digiti  pedis. 

Its   deep  terminal    branch   curves    inwards   and  penetrates  the  deep 
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compartment  of  the  sole,  then,  like  the  deep  branch  of  the  ulnar,  it 
proceeds  to  supply  all  the  plantar  interossci,  including  the  adductor 
transversus  and  the  adductor  obliquus  and  all  the  dorsal  interossci  by 
means  of  its  perforating  branches.  * 

2.  On  the  other  hand,  the  superficial  terminal  branch  of  the  external 
plantar  is  sensory  ;  it  supplies  : 

The  external  collateral  of  the  little  toe  ; 

The  fourth  intcrdigital  nerve  with  its  collaterals  ; 

An  anastomosis  to  the  third  interdigital  nerve  (internal  plantar). 

The  plantar  collaterals,  through  their  dorsal  branches,  provide  the  dorsal 
innervatiun  of  the  ungual  phalanx. 

PARALYSIS  OF  THE  SCIATIC 

Before  studying  ,walysis  of  the  sciatic  in  its  entirety,  we  will  study 
separately  the  paralyses  of  each  terminal  branch,  the  external  popliteal  and 
the  uitcrnal  popliteal. 

I.— PARALYSIS  OF  THE  EXTERNAL  POPLITEAL 

Motor  Syndrome 
The   external   popliteal  supplies  the  muscles  of  the   antcro-external 
compartment  of  the  leg  : 

The  tibialis  anticus ; 

The  extensor  longus  digitorum  pedis  ; 

The  extensor  proprius  hallucis  ; 

The  extensor  brevis  digitorum  is  supplied  by  the 
anterior  tibial ;  the  peroneus  brevis  and  the  peroneus 
longus  are  supplied  by  the  musculo-cutaneous. 

Faiaiysis  of  this  nerve  is  indicated  by  suppression  of 
the  elevatio.T  and  extension  movements  of  the  foot* 
and  of  the  toes,  by  the  abolition  of  internal  rotation 
and  of  elevation  of  the  internal  border  of  the  foot, 
movements  produced  by  the  tibialis  anticus  ;  by  the 
loss  of  external  rotation,  of  abduction  and  of  elevation  of 
the  external  border  of  the  foot,  movements  produced 
by  the  peroneal  group. 

To  those  main  disturbances  is  added  the  collajwe  of 
the  arch  of  the  foot  norm.-illy  maintained  by  the  tendon 
of  the  tibialis  anticus  and  of  the  peroneus  longus.  The 
'lupXrby  "the  '''"''•''"'  l'^'*"''"'*  (internal  popliteal)  supports  and  raises 
external  popliteal,   ""'x  the  inner  portion  of  the  plantar  arch. 

•  Wc  u>c  the  t.prniion  "«lcnsi«n  of  tl.r  lout  "  for  the  .loraal  rauinf  of  thr  foot,  coniparinK 
It  with  the  synergic  movement  of  ranln^  or  exien.lins  the  ton,  an.l  from  analogy  between  the 
functioni  of  the  extensor  of  han.l  and  lingers,  ami  lli;  external  popliteal. 

By  fleiion  ol  the  foot  we  mean  the  movement  cif  l.mering  the  toes,  2n2li!y;)i:s  iijh  fiptir-n  of 
the  hanit. 
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This  paralysis  results  in  a  drooping  of  the  foot  with  the  toes  pointing 
t  iwards  the  ground,  and  in  a  characteristic  gait :  steppage. 


Fin,  1^1. — ParalytU  of  the  external  popliteal.     Atrophy  of  the  antero-extcrnal 
group.     Foot-drop,  with  clonal  tumour  of  the  tarsus. 


The  toes  are  flexed  from  the  loss  of  the  antagonism  of  the  extensors. 

As  Pitre  and  Testut  have  observed,  we  m.iy  easily  detect  the  existence 
of  paralysis  of  the  external  popliteal 
by  asking  the  patient,  who  is  seated, 
to  raise  his  toes  and  keep  them 
clear  of  the  ground,  the  heel  re- 
maining on  the  ground. 

P.iralysis  of  the  external  popli- 
teal is  easy  to  recognise.  Later 
on  wc  shall  see  what  arc  the  possible 
errors  in  diagnosis. 

Here  we  will  mention  only  one 
of  these  :  the  possibility  of  attri- 
buting to  the  tibialis  anticus  the 
slight  power  of  adduction  possessed 
by  the  tibialis  posticus,  either  volun- 
tary or  resulting  from  electrical 
stimuli.  To  avoid  this  error,  it  is 
sufficient  to  raise  the  foot  and  keep 
it  at  right  angleo  ;  in  this  position 
the  smallest  contractions  of  the 
tibialis  anticus  are  indicated  both 
by  adduction  and  by  raising  the 
foot;  there  is  distinctly  perceived 
beneath  the  skin  the  rising  of  the 
tendon  :  adduitim  movemeKU  without  raising  the  foot  arc  produced  by  the 
tibialis  posticus. 


Fir;.  241. — Steppage  in  paralysis  of  the 
external  popliteal. 
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The  complete  sensory 
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Figs.  243  ami  J44. — Sensory 
distribution  of  the  external 
popliteal,  comprising  :  the 
peroneal  cutaneous  branch 
(external  surface  of  the  leg)  j 
the  ramus  commimicans 
lihularis  (posterior  surface)  ; 
the  anterior  tibial  ami  the 
musculo-cutancous  (dorsal 
surface  of  the  foot). 


Sewsory  Syndrome 

digtribution  of  the  external  popliteal  comprises  a 
broad  tract  occupying  the  entire  antcro- 
extcrnal  surface  of  the  leg  and  a  part  of  its 
posterior  surface  ;  it  spreads  over  the  dorsal 
surface  of  the  foot  with  the  exception  of  the 
internal  and  external  borders  and  the  ungual 
phalanges. 

In  this  sensory  distribution  several  zones 
must  be  distinguished. 

The  anteroHjxternal  surface  of  the  leg  is 
supplied  by  the  peroneal  cutaneous  branch, 
the  posterior  part  by  the  ramus  communicans 
fibularis  ;  the  musculo-cutaneous  is  distributed 
only  over  the  lower  region  of  the  leg  and  the 
dorsal  surface  of  the  foot.  To  this  latter 
region  are  confined  the  sensory  disturbances 
observed  when  the  lesion  of  the  external 
popliteal  is  below  the  first  two  branches  ;  this, 
indeed,  frequently  happens,  for  the  ramus 
communicans  fibularis  and  the  peroneal 
cutaneous  branch  have  their  origin  rather 
high  in  the  upper  region  of  the  popliteal 
space. 

Moreover,  we  must  not  expect  to  find 
complete  anesthesia  ;  it  is  not  constant,  and 
when  it  exists  is  to  be  found  only  at  the 
middle  of  the  external  surface  of  the  leg  and 
on  the  dorsal  surface  of  the  foot. 


Trophic  and  VasoMotor  Svndrome 

Occasionally  we  find  dorsal  .edema  of  the  foot,  pallor  or  cyanosis  of  the 
integuments  ;  cutaneous  desquamation,  hypertrichosis. 

In  some  cases  we  have  found  traumatic  ulcers  o„  the  back  of  the  foot 
produced  by    the    boot;  their   extremely   slow  cicatrisation  is  as  g.^of 
trophic  disturbances.  ^ 

Finally,  if  foot-drop  is  considerable  and  hypotonia  prolonged,  we  may 
observe  a  sort  o  tumour  on  the  dorsum  of  the  tarsus,  comparable  with  the 
dorsal  tumour  of  the  carpus  in  musculo-spiral  paralysis 

As  a  rule,  however,  trophic  and  vaso-motor  disturbances  of  the 
externa  pop, tea  are  of  slight  importance,  the  result  of  substitution  by  the 
internal  popliteal.  ' 
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Betort:  the 
operation. 


The  95th  day 

after  luiure  of 

the  nerve. 

/. 


I.-CLINICAL  FORMS  OF  PARALYSIS  OF  THE  EXTERNAL 
POPLITEAL 

As  in  the  case  of  all    nerve   trunks,   we  m.iy  find   the  syndrome  of 
complete  interruption  or  of  simple  compression. 

The  syndrome  of  com- 
plete interruption  is  charac- 
terised : 

By  complete  and  rapid 
loss  of  muscular  tone,  intensi- 
fying the  fcot-drop  ; 

By  rapid  muscular 
atrophy  ; 

By  the  localisation  of  the 
resulting  formication  to  a 
definite  area  ; 

By  permanence  and  fixity 
of  anxsthesia  as  well  as  by 
the  absence  of  paresthetic 
zones. 

In  the  syndrome  of  com- 
pression we  note  the  opposite 
characteristics,  particularly  the 
prolonged  persistence  of  mus- 
cular tune. 

If  nerve  regeneration  takes 
place,  we  follow  the  pro- 
gression of  formication  along 
the  paral)sed  nerves  simul- 
taneously with  the  reappear- 
ance of  muscular  tone. 

We  may  also  meet  with 
syndromes  of  nerve  irritation, 
with  cutaneous  trophic  dis- 
turbances, tendon  adhesions, 
scaly  desquamation,  pain  by 
pressure  on  muscles  and  nerve 
trunks,  muscular  fibrous  con- 
tractions which  limit  the 
passive  flexion  of  foot  and  toes 
and  consequently  diminish 
steppage. 


Ki(..  2+5. — Attituilc  of  the  right  foot  when  walking, 
before  ami  after  nerve  suture  in  a  case  of  para, 
lysis  of  the  external  popliteal  with  syiulromc  ot 
complete  iiiterriiptioii   in    section    of  the   nerve 

liy  shell  splinter  (Captain  C ).     n.  Muscular 

atony  ami  ilroop  of  foot  and  basal  phalanges  of 
toes  before  nerve  suture  ;  foot  svvintjing,  «|uino- 
varus,  dorsal  swelling  of  the  metatarsiis.  Photo- 
graph taken  on  the  66th  day  after  the  wound. 
h.  Return  of  tone  showing  attitude  of  the  foot 
on  thf  95th  day  after  suture  of  the  nerve;  the 
foot  is  110  !  ,nge:-  swingins,  walking  is  easier, 
running  is  possitile,  pes  e(|uinu5  less  pronounced, 
the  varus  has  ;.lrnost  disappeared  ;  the  basal 
phalanges  are  no  longer  drooping  but  exlendeil 
on  the  metatarsals  ;  dorsal  swelling  of  the  meta- 
tarsus has  ilisappearetl.  So  far  therf  is  neither 
elevation  movement  of  fool  nor  extension  move- 
ment of  the  first  phalanx  of  the  toes,  Init  in  the 
horizontal  position  the  Captain  can  carry  out 
very  inarkeil  aUliiction  of  the  foot  accompanied 
liy  elevation  of  its  external  edge  (contraction  of 
the  peroneals).  (J.  and  A.  Dejerine  and  Mouzon. 
Pfissf  MiJicale,  10  May,  1915.) 


These    neuritic,  or   even 
simple  neuralgic  syndromes,  however,  are  somewhat  rare 
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popliteal,  like  the  nousculo-spiral,  and  in  contradistinction  to  the  internal 
popliteal,  is  not  a  very  sensitive  or  painful  nerve. 


14th  November,  before 
(he  operation. 
a  h 


16th  Decemlier,  joth  day 
after  siitiirc  of  nen-e. 

a  h 


2nd  March,  97th  day 

after  siinire  of  nerve. 

a  h 


•'^  B  c 

''  '»;•  f««i7.t' of  ,h  ''"'"•"'■7 '°  r7V'^  ^"^"'^  ""•'  •""  •"•"^'•'  °'  ""■•  ""'•« !" » "« 

Nn^^n  B  .?  """■""'  P?!"''"^'  ^y  •^°"'P'««'-'  «'«'°"  °'  ••";  ""ve  (Captain  C ). 

Nott  in  B  the  appearance  of  a  small  jone  of  panwthcia  on  the  dorial  iiirface  of  the 

ami  "^  n  „r  I  'n^^  »»  contact.  0%«  hatcM«g :  diminished  sensibility  ,0  touch 
mt.?,thv,l  «.?•'"'  f"'^*'"*  y"!?  f"'"  ""''  "'"""  hyFo.«thesia  with  inter- 
Sa  io-ir,;T  '  '*/.T"'r  '"^■"•edelay"!  persistent  K-nsa.ions  with  diffusion. 

ur^\Tl     .  r  •*"°'''  "^  'dentification.  M,  /„»/,  indicate  that  the  sensation  of  pin- 

Finally  the  external  popliteal  may  be  affected  by  dissociated  lesions  and 
partial  paralysis. 

Wc  will  relate  two  instances  of  these. 


Kxttr.  |iop. 
Orifice  of  bullet. 


Kk..  247. — Dissociated  paralysisot  the  external 
)in|.|iic:il  affecting  solely  tin-  (iKrc?  of  the 
anterior  tibial. 


Ki(,.  248. — Sensory  distril>ution  of 
the  anterior  fibres  of  llii  ixiernal 
popliteal  (same  case  as  Kit;.  247) 
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In  the  first  case  a  bullet  had  struck  the  anterior  part  of  the  external 
popliteal,  behind  the  head  of  the  fibula.  The  muscular  group  of  the 
anterior  tibial  was  paralysed  ;  the  peroneal  muscles  were  not  affected. 
The  internal  part  of  the  distribution  of  the  muscuio-cutaneous  was  devoid 
of  Knsation. 

In  another  case,  a  small  shell  splinter,  embedded  in  the  external  and 
posterior  part  of  the  external  popliteal,  almost  at  the  same  level,  caused 
paralysis  accompanied  by  nerve  pains  in  the  peroneal  muscles  alone, 
together  with  hyper-a-sthesia  of  the  external  part  of  the  cutaneous  dis- 
tribution. 

We  may  therefore  conclude  that,  behind  the  head  of  the  fibula,  the 
fibres  destined  for  the  anterior  tibial  are  in  front,  the  fibres  of  the  peroneals 
are  behind.  In  the  thigh,  the  fibres  destined  for  the  tibialis  anticus  form 
the  most  external  group  of  the  external  fasciculi  of  the  sciatic  nerve  which 
represent  the  external  popliteal.  This  position  corresponds  to  the  very  high 
root  origin  of  the  nerve  fibres  to  the  tibialis  anticus  (fourth  lumbar). 

II.-PARALYSIS  OF  THE  ANTERIOR  TIBIAL  NERVE 

The  anterior  tibial  nerve  may  be  affected  separately  after  bifurcation 
of  the  external  popliteal. 

Its  paralysis  exactly  reproduces  the  type  of  dissociated  paralysis  which 
we  have  just  been  studying. 


H  II..  2+9, — Paralysis  of  the  anterior  tibial  nerve.  Kool-drop  with  steppage.  Integrity 
ot  the  iniise'ilo.cutaneoiis.  Retention  of  lateral  movements  by  the  action  of  the 
peroneals,  Karailic  excitation  of  the  external  popliteal  nerve  causes  only  the  projection 
ot  the  perontal  tendons,  without  r.ii>inj;  nf  the  fiiot  ami  the  toes. 

The  extensors  and  the  tibialis  anticus  are  paralysed,  whereas  the 
peroneals  are  untouched. 

Cutaneous  aii;tstliesi:i  is  altnust  aljsciit  ;  the  .interior  tibi.il  is  but 
slightly  sensory,  it  possesses   no   distinctive   region    of  its   own,   for    its 
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•a ,  coinp.irablt  to  the  terminations  of  the  posterior  branch  of 
.  the   musculo-spiral.     At   most    there   is  slight  hypo- 

\  /       .fsthesm    of  the    dorsal    surface  of    the   ff^t,    more 

\  /        pronounced  near  the  inner  edge,  and  more  especially 

a  small  triangular  region  of  an*sthesia  behind  the  first 

mterdigital  space. 

The  anterior  tibial  nerve  may  also  be  affected 
below  the  branches  destined  for  the  tibialis  amicus  and 
tile  extensor  longus. 

Here  we  have  isolated  (laralysis  of  the  cxtens.)r  of 
the  great  toe,  which  remains  flaccid  and   hulf  flexed 
whilst  the  other  toes  can  easily  be  raised.  ' 

Finally,  paralysis  of  the  external  popliteal  and  of 
the  anterior  tibial  is  alwa)s  accompanied  by  paralysis 
o  the  extensor  brcvis  digitorum  muscle  which  is  sup- 
plied  by  the  anterior  tibial  nerve,  it  is  recognised  mainly 
by  fl.iccid.ty  of  the  muscle  and  disappearance  of  its 
faradic  contractions  ;  for  after  all  the  accessorius  is  but  an 
accessory  synergic  muscle  of  the  extensors  of  the  t.n-s 


Ki(..  25c.-  Siiisorv 
tlistribtitiiin  ofihc 
anterior  liliial. 


toes.  "<•  ">i.i.M^  ot  tht  kg.     The  p.unt  can  easily  raise  the  otiur  (uur 

III.-ISOLATED  PARALYSIS  OF  THE  MUSCULOCUTANEOUS 

Isolated  lesion  of  ,),,  muscuio-cutancous  nerve  is  shown  by  mralvsi 
of  he  peroneals,  wirh  loss  of  alHluctio,,,  of  ..tation  outwards  ai  d  .^St 
tion  ot  the  externa,  edge  of  the  foot. 

Kaising  the  f.H.t  is  still  ,K«sible  by  means  of ,  he  extensors  and  the  tibiaii. 
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anticus,  but,  since  antagonism  of  the  peroneals  i*  lacking,  they  are  accom- 
panied by  a  rotation  inwards  ^y  adduction  and  elevation  of  the  inner  edge, 
effected  by  the  tibialis  anticus.  If  there  is  considerable  hypotonia  of  the 
peroneals  paralytic  talijies  varus  may  result,  and  the  |mticnt  walks  on  the 
outer  edge  of  the-  foot. 

The  musculocutaneous  nerve  is  sometimes  affected  below  tbe  peroneals 

in  its  sensory  part.  This 
lesion  is  indicated  solely  by 
anxsthesia  of  the  cutaneous 
area  which  compriso  almost 


Hcu  252.~Isolatcil  paralysis  of  the  niusnilo- 
rtitancoiis,  prodiuing,  on  the  left,  a  dcviatiim 
of  the  toot  mwarils  (paralytic  talipes  var\is). 


Kk..  253. — SiiiMjry  <lii>. 
trihiition  of  the  iniis. 
I'tilo'Cutaneous. 


the  entire  sensory  distribution  of  the  external  |V)plitcal  on  the  dorsal 
surtacL-  of  the  foot,  with  the  exception  of  the  small  intcrdigital  trian>;le  of 
the  first  interspace  specially  supplied  by  the  anterior  tibial. 

It  sometimes  happens  that  the  pain  caused  by  pressure  on  a  terminal 
neuroma  or  by  confinement  of  the  nerve  in  a  cicatrix,  or  even  by  simple 
formication  of  regeneration  in  the  neuroma  and  the  branches  of  the  nerves, 
renders  tlie  wearing  of  hoots  or  shoes  and  especially  of  leggings  painful. 

We  have  noted  several  c.ises  of  somewhat  severe  neuralgia  of  the  miis- 
lulo-cutaiieous,  injured  in  the  middle  or  the  lower  part  of  the  leg  ;  one 
pnrt»ularl\  painful  c.ise  even  necessitated  resection  of  the  neurotna  anil 
embedding  of  the  central  end  deeji  iii  the  tissues. 


aso 


NERVE  WOUNDS 


ll-INTERNAL  POPLITEAL  AND  POSTERIOR  TIBIAL 
i.-INTBRNAL  POPLITBAL 

Motor  Svndhomi 

mj£Z\i'^'  'ntern.!  popliteal  produce  paraly.i.  of  all  ,he  p.«erior 
mu^c.  of  .he  leg  and  of  all  ,hc  plai.ur  muscle*. 

I  here  re«.lt.  disappearance  of  the  movements  that  produce  flexion  or 

lowering  of  the  foot  (gastrocnemiui  and 

soleus}— 

Abolition  of  flexion  of  the  toes  by  the 
muscles  : 

flexor  longus  hallucis, 
flexor  longus  digitorum, 
flexor  brevis  digitorum. 
Collapse  of  the  plantar  arch,  in  its  inner 
part  (tibialis  posticus)  together  with  con- 
siderable  weakening  of  rotation  and  adduc- 
tion movements,  incompletely  carried  out 
by  the  tibialis  anticus. 

Loss  of  adduction  and  abduction  of  the 
toes  (adductors  and  abductors  of  the  first 
and  fifth  toe,  dorsal  and  plantar  inter- 
ossei). 

Nevertheless,  at  first,  walking  does  not 
appear  to  be  greatly  impeded.  Paralj^is 
of  the  internal  popliteal  may  pass  unnoticed 
on  a  superficial  examination. 

All  wt  see  i>  that  the  patient  puts  his 
foot  flat  down  ;  that  he  d<H;s  not  lift  the 
heel  from  the  ground  ;  th.-it  he  cannot  rise 
on  his  tues. 

the  sulcus.  '^"^  "'s  neel  by  using  his  toes  as  a  fulcrum. 

(Pitres  and  Testut.) 
The  internal  plantar  arch  is  flattened  out,  being  deprived  of  the  support 
of  the  tibialis  posticus  whilst  the  antagonism  of  the  peroneals  on  the  other 
hand  raises  the  outer  edge.    The  patient  thus  walks  on  a  sort  of  splay-fm.t 
Lt-avily   Without  elasticity  or  spring,  and  with  a  degree  of  uneasiness  which 
's  rapidly  increased  by  fatigue  of  the  antagonists. 

At  rest,  the  foot  is  extended.  p.-,«ive  hvper-extensinn  appears  and  may 
become  extreme,  as  soon  as  the  tone  of  the  muscles  of  the  calf  disappears. 


»55. 


Kl«.  154. 

Kl<;.  2^4. Miixlts  simpli,-,!  by 
the  iiiliriul  (M)(.liiial.  Su|Kr. 
•icial  layer,  Ka>'rocneiiiiiis,«ilefts, 
plantaris. 

'■'!;:.  'SI'—Owp  layer.  Poplitcj. 
I  ibialu  (Kjulieuj.  KIcxor  longus 
'lij!il<>ruiii.  KleXi.r  pruprlus 
halliii  is.  Thesi'  last  three  mus- 
cles are  suppiieil  by  the  posterior 
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The  tow  are  in  «imn  xtention  or  even  in  hyper^xienition,  according 
an  the  tone  of  the  flexort>  and  interrottci  pcnitts  or  not. 

When  the  patient  attcmpti  to  raiic  and  stretch  hit  loeit,  wc  itomctimvx 
finil  a  curious  attitude  o(  extreme  hypcr><!X tension  of  the  turs  caused  by  the 


Kl<i.  a56. — Panlyiii  of  the  internal  )H>|ilitcal,     Hypcr-cxtcntiiin  of  the  toc«  by  ciHitrac 
lion  of  the  vxtraton  aiiit  lou  of  tune  of  llcxurs  anil  inirnnH-i. 

predominating  action  of  the  extensors  deprived  of  the  antagonistic  tone  of 
the  flexors  of  the  too  and  of  the  intcrossei. 

Both  the  Achillean  reflex  and  the  plantar  reflex  have  disappeared. 

Sensory  Syndrdmk 

The  sensory  region  compriso  the  entire  plantar  surface  ;  the  back  and 
lower  part  of  the  leg  up  to  about  the  middle  third  ;  the  outer  cdj;u  of  the 
toot  and  the  outer  part  of  its  dorsal  surface  limited  by  a  line  wliich  joins 
the  third  intcrdigital  space  ;  the  dorsal  surface  of  the  Last  phalanx  of 
the  toes. 

If  the  trunk  of  the  sciatic  is  injured  below  the  origin  of  the  external 
s.-iphinous,  the  external  edge  of  the  fiMit  and  the  part  close  to  its  plantar 
surfa  •;  naturally  retain  their  sensibility. 


Trophic  anu  Vahj-motor  Syndrome 

In  simple  paralysis,  as  the  result  of  compression  or  complete  inter- 
ruption, trophic  and  vaso-motor  disturbances  are  almost  entirely  absent. 
It  is  seldom  th.at  we  find  cyanosis  of  the  toes  or  pronounced  cutaneous 
disturbances  ;  plantar  hyper-hydrosis,  however,  is  somewhat  fieijueiit ;  the 
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freqiicncy  of  chilbbin*  on  the  low  i«  aIm)  ici  be  iioeeil,  ««  i>  the  re«»Iliic«» 
with  which  mechanical  ulcer*  nppear  on  the  plantar  Mirtiiec. 

We  have  (*vcr»l  time*  liiund  Mipcrticial  »«)ri-.  .it  thi<  kiml,  lautcJ  by 
injuries  trum  the  bunts  nt  the  Icvclof  thi-  metatanui-phalancenl  aiuculation*. 

In  neuritic  typw,  however,  trophic  di^turbami-*  arc  very  great,  atfecting 
the  skin,  the  mukclcs  and  the  plantar  a|N>neuriikis  ;  they  aki  affect  the  t«ie- 
naiU  which  arc  not  touched  by  the  external  |)i.pliieal. 


Kl<i,   IJ7.  Kk..  25S.  fir..  159.  |.„,_  ,5q_ 

^Il.s.  157,  i^K,  359,  i«o,— S<ii..iiy  anil  ><l  ilu-  inumal  popliteal  iiiiii|iri»lnj;  :  tin- 
ixtcriial  saiihi-miiu  j  ixtiriial  >  .rtaiT  iit  ilii  iiuup  (/lurizu'iliil  iiili/iini^),  ouiir  iilgc  ot 
the  toot,  liorsal  siiitu.-  of  tin  loot  to  tin-  thin!  iiitiriiu  tarsal  »|ia.c.  TIk-  (lojlcrior 
tibial,  iiilaiu-oi»  liraiu  li  {Mou,  i,il,/i'Nf().  The  external  ami  internal  (ilantars  {iiuis,./ 
AiilJiiiii')  which  sii(>|)l\,  oil  tile  ilorsal  siirlaer,  llie  lant  phalanx  ot  the  loe». 

Iti  the  caNO  of  the  internal  popliteal  wi-  may  -a)  the  siime  as  for  tlit- 
extcrnal  ;  trophic  and  e^pecially  vaxunotor  distiirbanco  are  le>s  pro- 
nounced ill  isojateil  paralysis  of  this  iieivc  than  in  cmnplete  paralysis  of 
the  sciatic.  Probably  they  are  inodified  In  sul>stitution  of  the  external 
popliteal. 

Clinical  T\pes 

We  meet  with  both  compression  and  interruption  t\  pes  in  lesions  of  the 
itUeriial  poplircal.  Iiucrruptioii  type-,  nimtovei,  aie  i>y  far  die  more  fre- 
quent i  there  is  no  need  to  insist  on  the  characteristics  by  which  thev  arc 
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to  im  ret>o({mi*il     cwly  hypmonia  ami  «fOf»»\y,  fi«ity  <i'    vmaty  dUturh- 
anrc*,  i kiirni:»i.  ni  Kl),  fixcJ  locatirw  of  fonnicttion,  in^  ii»ibility  m  |>aifi 


Ki(..  if- '.  -fkcr*  iMi  th<  soli-  !■!'  Kt  !■ 


m  iiilcrru|itiiin  nl  ilic  |i<>»iirinr  liliiul. 


by  presMiiirc  on  the  muscles  of  the  lail  iii.l  on  ihc  muscle  mawes  in  the  sole 
of  the  f<M)t,  as  well  as  on  the  liervi  nloiip  if.  mtirc  ili>trihiitioii. 

In  rnntrad'^..  nction  to  the  cx- 
tcrn.ll  popliteal,  the  intrr nal  popliteal 
is  frequently  the  scat  of  neuritic  or 
li-'uralijir  lesions  capable  of  rcpro- 
lUicmc  all  the  ^viidromcs  of  irritation 
studied  ill  thi- 1  .ISC  (if  the  upper  limb. 

The  liig^t  nenritio  type,  often 
without  coinplite  paralysis  though 
artompanicd  by  pain  on  pressure  on 
the  nerves  and  muscular  bellies, 
always  causes  slijiht  hbrous  contrac- 
tion of  the  Achilles  tendoi\  gradu- 
ally producing  a  i  crtain  degree  of  pc^ 
equinus, 

Tke  grave  neuritic  typei  an 
rather  frequent,  aicompanied  by  in- 
tolerable pains,  suppressing  >leep  and 
necessitating  the  use  of  morphine  ; 
pressure  on  the  nerve  trunks,  and 
especially  on  the  mustles  of  the  calf 
and  on  the  plantar  muscles,  causes 
violent  pains. 

'I'ropiiic    disturfaancc-s    are    xery 
marked.    Along  with  scaly  desquamatijn,  fibrous  inhltration  of  the  skin, 


Kii..  262.  Kiliroin  iiMitniitiim  i)t  the 
(■alt  ami  (>o»  ci|iiiiiiu  caiivil  l>y  sliulii 
iiiiirlili  ksion  ot  the  inlcnial  (xiplitfal 
at  the  iijiiK-r  part  ot  ilii-  pojilitial  spaii-. 
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and    the  claw-like  curve  of  the   nails,  we  find  that  grave  deformities 
supervene. 

Fibrous  contraction  of  the  calf  soon  immobilises  the  foot  in  a  state  of 
forced  flexion,  suppresses  the  movements  of  the  antagonistic  extensors  and 
very  often  renders  necessary,  after  cure  of  the  neuritis,  tenotomy  of  the 
Achilles  tendon.  Contraction  of  the  plantar  muscles  and  of  the  plantar 
ppon  -rosis  along  with  formation  of  fibrous  cords  and  nodes,  ends  in  the 
claw-like  attitude  of  the  foot,  and  will  necessitate,  for  a  few  months  after 
cure,  both  massage  and  mobilistation  of  the  foot,  sometimes  even  surgical 
section  of  the  aponeurotic  fibres  and  of  the  contracted  flexor  tendons. 

Neuritis  of  the  internal  popliteal,  when  intense,  is  a  very  serious  type, 
capable  of  producing  irreducible  deformities ;  it  is  certainly  more  serious 


Fii;.  a«j.  -Kibrom  rontra,tion  of  the  calf  ami  pes  i-qiiinus.  tontraotlon  of  ihc  llcxor» 
ami  ot  the  plantar  aponcurojls,  prmliicing  fibroin  rrift  of  the  to«»— iieiirili«  of  ,thc 
inii-rna!  popliteal. 

in  its  consequences  than  section  of  the  nerve.  Consequently,  in  two 
particularly  serious  cases,  we  did  not  hesitate  to  practise  resection  of  the 
lesion  and  suture  of  the  nerve.  .^Ix  weeks  afterwards,  these  two  patients 
were  walking  without  a  stick,  though  there  w.-is  paralysis  of  the  internal 
popliteal ;  the  immediate  disappearance  of  the  pains  had  permitted  of 
mass.-ige  and  mobilisation  of  the  limb,  thus  effecting  a  cure  without  trophic 
disturbances  or  fibrous  contr.ictions. 

The  simple  nenralgpic  type,  accompanied  by  pain  on  pressure  on  the 
nerve  trunks  and  aUo  plantar  hyptr-;isthesi.i,  is  serious  only  because  of 
the  very  long  time  it  takes  to  cure. 

Neural^jia  of  the  internal  p<ipliteal  frciiutntly  assumes  the  type  of 
causalgia.  Next  to  the  inclian,  this  is  the  nerve  most  frequently  affected. 
In  these  cases,  we  find  the  same  absente  of  paralysis  ;  trophic  and  v.iso- 
motor  disturbances  arc  still  icss  pronounced  ;  but  the  pains  are  often 
terrible.     These   are   the  siiecial  violent   pains  affecting  the  entire  limb 
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with  a  burning  sensation,  caused  by  the  slightest  cutaneous  touch  far  more 
than  by  deep  pressure,  above  all,  provoked  by  the  most  trifling  emotions. 

Partial  lesions  of  the  internal  popliteal  produce  dissociated  syndromes 
which  enable  us  to  set  up  the  following  fascicular  topography  ;  wc  find, 
from  within  outwards,  the  external  saphenous  nerve,  then  the  plantar 
nerves,  the  nerve  to  the  inner  head  of  gastrocnemius  ;  then  further  out 
arc  the  fibres  to  the  tibialis  |Kisticus  to  the  flexor  longus  digitorum  pedis, 
the  calcanean  branches  and  the  superficial  branch  of  the  external  plantar 
nerve.     (J.  and  A.  Dejer'ne  and  Mouzon.) 


Fi(..  2«+. — Amsthi-sia  caiiKil  hy  lc»i<)n  ot 
the  postrrior  tibial. 


II.-PARALYSIS  OF  THE  POSTERIOR  TIBIAL  NERVE 

From  the  fibrous  arch  of  the  solcus  onwards  the  internal  popliteal 
assumes  the  name  of  posterior  tibial.  This  nerve  is  very  often  aflTccted  by 
traumatisms  in  the  calf  or  perforating  wounds  in  the  leg,  though  paralysis 
of  the  nerve  is  frequently  overlooked.  Indeed,  the  gastrocnemius  and 
the  soleus,  supplied  by  the  internal 
popliteal,  have  retained  their  move- 
ments; the  muscles  of  the  deep 
layer,  tibialis  posticus,  flexor  com- 
munis digitorum  pedis  and  flexor 
proprius  hallucis,  which  receive 
their  branches  from  the  posterior 
tibial  at  the  upper  part  of  the 
leg,  are  usually  untouched.  Thus, 
all  disturbances  arc  practically  re- 
duced to  paralysis  of  the  plantar  muscles  and  partial  an.x-sthesia  of  the 
sole  of  the  foot.  In  all  wounds  of  the  leg,  systematic  insjK-ction  should 
be  made  of  the  attitude  of  the  foot  and  the  electrical  reactions  of  the 
planur  muscles  ;  a  simple  faradic  examination  will  generally  reveal  neg- 
lected plantar  paralysis. 

The  attitude  of  the  foot  is  rather  characteristi-:.  First,  it  is  a  hollow 
foot,  «•  ice  atrophy  of  the  plantar  muscles  intensifies  the  concavity  of  the 
plantr.  arch,  which  is  supported  by  the  tendons  of  the  tibiales  and  the 
peroneals. 

Frequently  t(K)  it  is  an  atrophied  foot,  owing  to  the  disappearance  of 
thj  thick  mass  of  the  plantar  muscles  ;  in  some  cases  after  a  time  we  may 
see  atrophy  of  the  foot,  which  appears  to  be  smaller,  thinner  and  shorter  than 
the  normal  foot. 

The  toes  form  a  special  kind  ol  i^rlff,  ;  the  first  phalanx  is  hypcr- 
extendcd  on  the  metatarsus  by  the  pull  of  the  cxtcns<irs  and  by  the 
inaction  of  the  flexor  interossci  of  the  first  phalanx  ;  the  second  and  third 
phalanges,  on  the  other  hand,  are  strongly  flexed  hy  traction  of  the  flexor 
longus  digitorum. 

The  toes  thus  seem  to  be  bent  back  uiion  themselves,  forming  a  sort 
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of  Z,  the  pulp  lying  on  the  ball  of  the  toes  formed  by  the  metatarso- 
phalangeal articulations. 


KiG.  165.— Atrophy  of  the  plantar  mtitclci  caiisoil 
hy  Ifsion  ot  the  poiterior  tibial  at  the  lower 
(art  of  the  leg. 


Kic;.  166. — Pes  raviiswith 
hyper-extension  of  the 
toes  causcil  by  lesion  of 
thi'  (Kijterior  tibial. 


Niiniial  foot. 


Paralyseil  font. 

fKht,   „■(     to,.t   paralysnl   .n    .•|,ar...t.risii.-    .-...i,,,,!,..      Hym-r-extensioi.    of   the    tlrlt 

.tbm;  f '"7  ?""'  "•  '^r°"''  ^"''  ""■•^'  l"''^'l^n«";  '".icetionof  the  „,  tata  «^ 
piulangca  artuulations  «huh  .-..ns.itnt,-  the-  u„i..ri,.r  en.l  of  the  ar.l.  On  ,hc  Id 
.omparv  the  normal  ri-ht  toot  „f  the  x«w  iui„ni.  ' 
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The  adduction  and  abduction  inovcmcnts  of  the  toc•^  arc  suppressed 
by  paralysis  of  the  interossei. 

The  posterior  tibial  nerve  possesses  th-j  same  trophic  activities  as  -he 
internal  popliteal. 
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Its  interruption  results  in  the  frequent  appearance  of  plantar  ulcers 
caused  by  injuries  from  the  boot ;  superficial  sores  which  often  take  a  very 
long  time  to  heal.  Its  irritation  brings  out  the  same  nerve  disturbances, 
particularly  fibrous  contraction  of  the  plantar  aponeurosis,  with  griffe  of 
the  tors  and  muscular  sclerosis. 

Like  the  internal  popliteal,  it  may  be  the  scat  of  violent  causaigia  and 
of  prolonged  neuralgic  pins. 


III.-BXTERNAL  SAPHENOUS  NERVE 

Of  all  the  branches  of  the  internal  popliteal,  the  external  saphenous 
alone  deserves  special  mention,  for  it  may  be  alFected  in  its  superficial 
course  on  the  posterior  surface  of  the  calf. 

Its  interruption  causes  anxsthesia,  limited 
to  the  external  retromallcolar  region,  to  the 
external  half  of  the  heel  and  to  the  outer 
border  of  the  foot.  It  is  followed  by  the 
usual  phenomena  of  regeneration  accom- 
panied by  unplcisimt  formications  and  cuta- 
neous par;esthcsia  which  may  cause  pain  along 
the  course  of  the  nerve  if  anything  is  worn 
on  the  foot. 

On  the  other  hand,  irritation  of  the  nerve 
is  often  the  cause  of  painful  lieel,  along  with 
cutaneous  hypcr-iesthesia  so  painful  at  times 
that  the  patient  docs  not  d.ire  to  set  his  heel 
on  'le  ground  and  walks  with  difficulty, 
carrying  the  weight  of  his  body  on  the 
'•iner  [wrtion  of  the  nictatarso-phalangeal 
articulations. 


Vu>.  zdt), — -Sensory  area  ot 
thcextrnial  saphenous  nerve. 
Note  that  the  an;rsthcsia 
ilocs  not  rrarh  the  extremity 
ot  the  last  tno  toui. 


III.— PARALYSIS  OF  THE   SCIATIC  TRUNK 

Lesions  of  the  great  sci.-itic  nerve  simply  combine  paralysis  of  the 
internal  [loplitcal  with  that  of  the  external  popliteal.  Atrophy  is  complete. 
Progress,  howcxer,  is  possible,  with  a  steppage  gait,  but  the  foot,  in  an 
absolutely  swinging  condition,  is  no  more  than  an  insensible  inert  appen- 
dage supporting  the  weight  of  the  Hoily,  thanks  to  the  rigidity  of  the 
lower  limb,  a  rigidity  maintained  by  the  hamstring. 

In  these  cases,  there  is  considerable  and  often  widely  diffused  atrophy 
of  the  leg,  the  sensory,  trophic  and  vaso-motor  disturbances  arc  more 
pronounced,  for  collateral  substituiion  is  no  longer  ixwsible. 

To  paralysis  of  the  muscles  of  leg  and  foot  may  be  added  paralysis  of 
the  posterioi  muscles  of  the  thigh  supplied  by  the  collateral  branches  of 
the  sciatic. 
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These  muscles  receive  their  motor  branches  at  different  and  some- 
what variable  levels. 

The  semi-tendinosus,  supplied  wholly  at  the  upper  portion  of  the 
thigh,  below  the  sciatic  notch,  is  scarcely  ever  injured. 

The  semi-mem branosus  and  the  long  head  of  the  biceps,  supplied  a 
little  below,  are  sometimes  paralysed. 

The  short  head  of  the  biceps,  the  motor  twi^ 
of  which  is  given  off  at  the  middle  of  the  thigh, 
is  very  often  affected  ;  paralysis  is  indicated  by 
appreci-ible  weakening  of  the  biceps. 


Fl<;.  J7C. — Lfsliin <>t  the  ^(  iatit'(<<iin|iU'ic 
iiiti'rrii|>t{i>n  at  the  kvtl  of  thi-  sci.Hic 
notch).     \V(nitul  1 5  ni(>ntli>  oiil.    C'uii- 

!  siilcrablf  ainiphy  ot  all  the  iii\>S(les  o( 
the  kg.  I'aral>sis  ut  tin-  |i(isit'i'lur 
[lllllM'Icb  ot  the  legs,  txii|>l  the  Mini- 
tcndinoHiiti. 


(ilini  iiy  tin-  trunk  nt 
the  x'iaiii'  Itself.  On 
the  outer  siite  is  the 
hleeps,  winl-i<  nilln<»ii> 
ani!  seini-innnbr.in- 
osit>. 


Preservation  of  the  semi-teiiilinoMis  Nuffiics  in  al!  these  cases  to  assure 
persistence  of  flexion  of  the  leg  on  the  thigh,  the  abolition  of  which  is 
therefore  exceptional. 

The  sciatic  nerve,  like  its  branches,  may  he  interrupted,  compressed 
or  irritated.  Injuries  of  this  nerve  may  prciluce  all  tli..:  paralytic,  neuritic, 
neuralgic  and  causalgic  syndromes  whicli  we  have  already  studied. 

The  neuritic  types  are  extremely  frequent,  affecting  cither  the  whole 
or  only  part  of  the  nerve  distribution.     They  are  imiicated   by  the  usual 
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trophic  ilisturbiinces,  fibrous  infiltration  and  desquamation  of  the  skin, 
profuse  sweats  or  dryness  of  the  integuments  ;  sclerosis  of  the  dermis ; 
muscular,  tendon,  and  aponeurotic  contractions.  They  may  immediately 
be  recognised,  simply  by  pressure  on  the  calf  or  the  sole  of  the  foot,  which 
is  extremely  painful ;  whilst  almost  invariably  they  culminate  in  fibrous 
contraction  of  the  calf,  combined  with  pes  equinus,  and  sometimes  even 
in  fibrous  giiff/  of  the  toes. 


Fk;.  272. — Complete  interruption  of  the  wiatie  at  the  upper  part  of  the  lee  Paralysis 
ot  the  liieeps  anil  of  the  semi-inembranoiiis.  The  iinaneetetl  semi-ten(lino»us  is 
capalilc  of  prcKluciiig  eonsiileralile  flexion  of  the  leg  on  the  thigh.  Here  its  teiulon 
►how>  as  a  very  ohvioiiii  projeetion  on  the  inner  siile  of  the  (xiplileal  spaee.  AInenee 
ot  eontraetion  of  the  biee|»,  the  teiulon  of  nhieh  is  invisible  on  the  surfaec. 

It  must  be  remarked  that  vaso-inotor  and  trophic  disturbances  of  the 
neuritic  tyjKs  are  usually  more  pronounced  in  lesions  of  the  trunk  of  the 
sciatic  than  in  wounds  of  the  internal  popliteal  or  of  the  external  popliteal, 
doubtless  because  of  the  im|K)ssibility  of  substitution. 

Ill  some  cases  we  find  that  simple  contusion  of  the  sci.itic  nerve  gives 
rise  to  persistent  neuralgia,  veritable  traum.itic  sciatic:i,  the  cure  of  which 
is  a  very  long  process.  The  nerve  is  painful  under  pressure  at  the  level 
of  Valleix's  points  ;  Lasigue's  sign  is  almost  alw.iys  present,  and  we  often 
note  slight  hypertonia  ot  the  muscles  of  the  calf,  shown  by  a  raising  of  the 
heel,  just  as  in  common  scL-itica  (Souques),  suggesting  true  pes  equinus. 

L.istly,  certain  cases  of  slight  neuritis  of  the  sci.itic  produce  tlie  appear- 
ance of  .ictual  contMCtions  :  contraction  of  the  posterior  muscles  of  the 
leg  and  coiitr.ictions  of  the  calf,  intensifitd  and  aggravated  as  usual  by 
disuse  on  the  part  of  the  p.-itient  and  culminating  in  permanent  flexion 
of  the  knee  with  more  or  less  pronounced  pes  equinus. 

What  particularly  characterises  the  sciatic  is,  bv  re.tson  of  its  bulk,  the 
frequency  of  partial  lesions  and  of  dissociated  syndromes. 

It  must  not  be  forgotten  that  bifurcation  of  the  nerve  takes  place  at 
an  extremely  variable  level,  sometimes  at  the  middle  or  even  the  upper 
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part  of  the  thigh.  There  arc  indeed  cases  in  which  the  two  branches  of 
the  nerve  issue  from  the  sciatic  notch  separate,  and  pass  on  together,  arranged 
in  gun-barrel  foshion. 


Kui.  17J. — Severe  neiiriiin  of  the  ncialic  nerve.     tEdcma  of  the  foot,  fibrous 
intiltiation  of  the  ilcrmii,  cyanoiis,  cutaneous  (lcM|uaination. 

Even  united  in  a  single  trunk,  the  fibres  ot  the  internal  popliteal  and 
of  the  external  |)oplitcal  retain  their  relationship,  being  grouped  together 
at  the  internal  and  external  part  of  the  nerve. 


Fif,.  274. — Neuritis  of  the  Bciatir.  Prcilomiiiant  cutanetHis  ()iKturliancct>  waly  skin 
perlins;  off  in  briiad  flakes  (integrity  of  thi-  ilistrihution  of  the  internal  saphenous). 
Trophic  'listurbanct-s  of  the  nails. 

VVe  may  then  obM.'rvc  the  most  v.iried  disMtciations  and  cnmbinations 
resulting  from  lesion  of  the  sciatic.     A  few  instances  may  be  given. 

In  some  case!>  we  have  cuniplete  paralysis  of  the  internal  popliteal  or 


SCIATIC  NERVE 


361 


of  the  externiil  popliteal,  acompanicd  by  simple  weakening  of  the  other 


nerve. 


In  other  cases,  paralysis  is  complete  in  the  nerve  distribution  of  both 
nerves,  but  whereas  it  remains  unchanging  in  the  region  of  one  of  the 
nerves,  we  find,  in  the  other,  that  a  syndrome  of  progressive  regeneration 
appears.  Even  before  the  muscles  show  the  slightest  sign  of  improvement, 
the  sign  of  formication  indicates  this  difference  in  evolution.  We  find, 
for  instance,  at  the  level  of  the  lesion,  a  definite  area  of  formication,  un- 
changing and  localised  in  the  sole  of  the  foot ;  on  the  other  hand,  we  see 


i 


Fii;.  srs. — Coimatiiirti  i>i'thc  rait  with  in-n  eqiiimis  «aiistil  I))  slij;hl  irriiaiimi 
of  the  «latic  at  the  upper  part  <it  the  thi;rh. 

.idvancinp  below  the  lesion  a  zone  of  induced  fdrmication  which  is  localised 
on  the  dorsal  surface  of  the  foot  ;  the  conclusion  we  arrive  .it  is  that  there 
exists  an  insurmountable  obstacle  ti)  the  fibres  of  the  internal  popliteal, 
whereas  the  fibres  of  the  external  popliteal  nerve  are  in  process  ot 
regeneration. 

We  inav  find  the  assocLition  of  simple  paralvtic  disturbances  in  the 
region  of  one  of  the  nerves,  and  of  neiiritie  or  neuralgic  irrit-ttion  in 
the  region  of  the  other.  Still,  it  must  be  remembered,  in  such  cases,  that  the 
neuritic  symptoms  of  the  internal  popliteal  are  always  far  more  intense  and 
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obvious  t  the  »igns  of  irriution  of  the  external  popliteal,  alwayx  more 
widely  dittributcd,  arc  not  apparent  at  first ;  they  have  to  be  sought  for. 

The  frequency  and  diversity  of  these  dissociated  syndromes  of  the 
sciatic  are  a  matter  of  importance,  for  a  precise  diagnosis  of  the  nature  and 
seat  of  the  lesion  will  frequently  enable  us  to  carry  out  partial  and  con- 
servative interventions,  these  being  specially  easy  in  the  case  of  the 
sciatic. 


DIAGNOSIS  OF  PARALYSIS  OP  THE  SCIATIC  AND  ITS 
BRANCHES 

The  various  iv'm%  of  paralysis  of  the  sciatic  are  easy  to  recognise. 

The  scat  of  the  wound  in  the  course  of  the  nerve,  the  to|iogniphy  of 
the  paralyse!*  muscles,  their  atrophy  and  faradic  inf;xcitability  enable  us 
to  determine  the  existence  of  the  lesion  and  to  eliminate  all  the  causes  nf 
error,  which  we  will  now  enumerate  : 

Hysterical  paralysis,  or  rather  the  group  of  functional  paralyses,  con- 
stitutes the  chief  difficulty  in  diagnosis. 

They  are  frequent  and  extremely  \ariablc  as  to  their  cause.  Some- 
times we  arc  dealing  with  genuine  hysterical  pralysis  or  simply  with  the 
functional  inertia  of  wounded  muscles  ;  sometimes  after  the  recovery  of  a 
nerve  lesion,  the  paralysis  persists — this  is  n  functional  condition,  the  result 
of  prolonged  disuse  of  the  muscle.  The  incap.icitf  results  from  the  pain, 
contracture  or  retraction  of  the  antagonistic  muscles. 

In  all  cases,  a  simple  electrical  examination  with  the  faradic  current 
will  suffice  to  show  the  functional  nature  of  the  paralysis. 

We  may  also  easily  recognise  cases  of  incapacity  caused  by  the  partial 
destruction  of  the  muscles  or  by  section  of  the  tendons ;  first,  by  flic  site 
and  character  of  the  wound  ;  secondly,  and  above  all,  by  electrical  ex- 
amination. The  muscular  fibres  which  have  escaped  the  more  or  less 
complete  destruction  of  a  muscle  still  retain  some  faradic  contractilit), 
unless  there  exists  an  associated  nerve  lesion.  The  divided  muscles  also 
contract,  and  the  contraction,  not  transmitted  to  the  tendon,  may  be 
reiiarded  as  a  definite  sign  that  they  have  been  cut. 

Lastly,  the  contractures  and  the  fibrous  cicatrici.il  scleroses  of  the 
muscles,  and  in  particular  the  almost  constant  contractions  of  the  calf 
resulting  from  a  wound  of  the  gastrocnemius,  or  of  the  tendo  Achillis,  or 
of  the  OS  calcis,  may  easily  be  mistaken  for  ncuritic  fibrous  contr.ictioii  ;  but 
the  distinctive  pain  in  rases  of  neuritis  on  pressure  on  the  nerve  truiilcs 
and  muscular  bellies  is  here  lacking,  and  the  muscles  have  n.tained  their 
faradic  contractility,  thougli  this  is  often  difficult  to  determine  in  retracted 
or  contracted  muscles. 
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Sometimes  a  diagnusis  of  the  various  organic  paralyses  of  the  lower 
limb  is  a  little  more  difficult. 

Frequently  peripheral  neuritis  appcart  almost  identical  with  complete 
or  dissociated  paralysis  of  the  sciatic.  In  addition  to  the  typical  forms  of 
|H>lyneuritis  "f  which  the  diphtheritic  is  the  most  frequent,  ceruin  forms 
of  neuritis  peculiar  to  war  must  be  mentioned  j  of  these  we  have  found 
three  groups:  polyneuritis  resulting  from  trench  dysentery,  pol)neuritis 


Fig.  nd. — ('iimiilctc  hy»tcrifal  paralysi*  of  the  riyht  lowi  i  limb,  tiillowins;  .i  mptrtirlal 
pL-rtoniiin);  nouncl  <>t  the  Inittock.  Slight  iniuciilar  atn>(>hy  Cniin  |iriil»ngiil  iiiaiili.n 
(16  niimtht),  iiunnal  ritftiiial  reaiiiom,  niirmal  riHcxen.  Complcto  annsthcsia  »t  the 
lowiT  llinli.  The  patient,  iiuapahle  of  using  hi>  right  li>wer  limb,  hups  along  nn  his 
left  leg  with  the  help  of  a  Miek,  leaving  his  right  leg  to  ilrag  ixhinil  him. 


from  frost-bite,  polyneuritis  from  asphyxiating  uases,  two  instances  of 
which  wc  li:i\c  localised  to  the  rcjiion  of  the  external  |x)plittal.  The  first 
and  third  arc  generally  painless,  neuritis  from  frost-bite,  011  the  other  hand, 
is  very  painful,  beini;  accompanied  by  trophic  disturbances  together  with 
contraction  of  the  plantar  aponeurosis  and  of  the  pl.intar  muscles. 

In  all  these  oases  the  disturbamcs  are  mostly  bilateral  and  symmetrical, 
though  they  m.-iy  predominate  on  one  side  ;  the  electrical  rc:i;.tions  are 
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profbumJIy  aftctcd— thoMgh,  u  «  rule,  the  tibialis  a.nictn  k  more  or  le« 
untouched,  just  a»  the  iwpiiMtor  longus  is  in  Mturninc  muKulo-ipiriii 
paralywsi.  Finally,  the  abr-  nee  of  a  wound  and  the  history  of  the  case 
are  usually  sufficient  to  dctennine  the  diagnosix. 

Lesions  of  the  sacral  plexus  often  reproduce  the  picture  o»  complete  or 
of  disMKiated  p«raly!iis  of  the  Kiatic  j  when  wi  come  to  study  the  lumbo- 
sacral  plexus,  we  shall  set  forth  the  special  <  haracteristics  of  these  rofX 
paralyses. 

Lumbo-^cral  hematomyelin,  caused  by  lumbar  ammttit  or  simply 
by  shell  explosion,  may  niso  cause  crrori  in  diagnosis  but  the  root  dis- 
tribution of  the  motor  and  wnsory  disfurbaaccs  the  almost  invariable 
association  of  sphincteric  dirturbaiuc,^  and,  above  al!,  the  dissociation  of 
sensibility  join  with  the  hi»tory  in  tlcarinn  up  the  Jiagnosis. 

,.-^\'  *''*"  '""'^"  "  *****  P°''"  '"  ♦liagnosi'ij;  root  paralysis  the  main 
difficulty  of  which  lies  in  cases  of  hcmatomyelia. 

Cortical  paralysis  limited  to  the  lower  limb  and  follow  iint  on  wounds 
of  the  cranium,  may  in  ceruin  cases  bt  mistaken  for  paralj.is  of  the 
Hiatic.  These  cortical  monoplegias,  which  are  flaccid  and  spa^mmlic  in 
succession,  are  characterised  by  the  absence  of  peripheral  signs  the  intcgru) 
of  the  muscle*  and  their  normal  electrical  reactions  exaggeration  ol  ihc 
reflexes  Habinski's  sign  and  the  combined  Hcxion  of  thigh  and  trunlt. 
We  are  far  more  likely  to  mistake  them  for  hysterical  paralysis  than  l.r 
paralysis  of  a  peripheral  nerve. 

Lastly,  ischa-mic  paralysis  of  the  foot,  resulting  from  too  tight  i 
bandage  or  from  arterial  obli;eratioii,  may  sometimes  be  very  difficult  to 
diagnose,  the  more  so  ,is  it  is  rather  frequently  associated  with  nerve 
lesions. 

As  in  paralysis  of  a  ncuritic  type,  we  observe  pains  that  are  violent, 
spasmodic  and  evoked  by  pressure  j  there  are  «en  marked  disturbances  of 
electrical  reactions  and  objective  disturbances  of  sensibilit) .  The  absence 
of  the  topography  characteristic  of  periplural  nerve  lesion,  tlu-  frequent  pre- 
servation of  an  attempt  at  contraction,  the  considerable  tall  ..f  temjierature, 
the  cyanosis  and  fibrous  infiltration  of  the  foot,  the  suppression  of  arterial 
pulsation,  the  segmentary  distribution  of  muscular  and  sensory  disturbances 
diminishing  from  the  periphery  towards  the  root  of  the  limb;  all  are 
important  signs  that  enable  us  to  connect  these  paralyses  with  their  cause. 


TREATMENT  OF  PARALYSIS  OF  THE  SCIATIC 

Steppge  constitutes  the  main  functional  drawback  in  jwralysis  of  the 
trunk  of  the  sciatic  or  of  the  external  popliteal.  It  is  important  to 
xmimise  this  ju'-t  as  we  minimise  the  wrist  drop  in  musculo-spiral 
paralysis  '"  "rdcr  to  diminish  the  incapacity  of  the  p.itlcnr,  and  especially 
to  avoid  the  stretching  of  the  muscles  ot  the  antero-cxtcnial  group. 
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Thi*  i*  CMily  effected  either  by  turgicat  htxtt*  or  ihoc«,  or  by  the 
application  of  »pring  contrivances  t  or,  more  simply  Mill,  by  the  traction, 
on  the  frtMit  part  of  the  foot,  of  a  tpring  or  clantic,  faMcncil  cither  to  a 
girdle  or  to  a  shoulder  i>trap. 


Typn  uf  i|i)i«niiii 


Kli..  J  7  7.     (f.  Marir 
ami  II.  Nlri);c,) 


Kl»..  17S.     (.A.  Liri.) 


It  is  really  surprising  to  find  that  patients  supplii-d  with  these  very 
simple  contrivances,  can  take  moderately  long  walks  without  much 
fatigue ;  in  spite  of  thci  r  paralysis  they  complain  of  only  a  very  slight 
degree  of  incapacity. 
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CHAPTER    XVI 

SMALL  SCIATIC  NERVE 

The  small  sciatic  nerve  has  its  origin  injthe  first,  second,  and  third  sacral 
roots. 

It  issues  from  the  pelvis,  along  with  the  grc.t  sciatic  nerve  and  the 


Gluteus  maxiinus. 


Super,  glut.  N. 


Great  sacrosciatir  .. 
ligament 


Long,  putlen.  N. 


Small  sciatii 
N.  (per.  br.) 


—  Gluteus  niiul- 
inus 

Tensor  t'asii r 
ieinoris 


•    Pjraniidalis 


Great  siialic  N. 

(juailratus 
temoris 


■"Gluteus  maxi- 
inus 


Small  sciatic  N.  (glut.  br. 


Fk;.  279.— Nerves  of  the  gluteal  region.     (After  Hirschfeld,  simplified.) 


inferior  gluteal  nerve  (sacra!  plexus).  Moreover,  the  inferior  gluteal  nerve 
and  the  small  sciatic  are  often  described  as  the  two  branches  of  one  and  the 
same  trunk. 

The  posterior  cutaneous  nerve  descends,  internal  to  the  great  sciatic, 
between  the  biceps  and  the  semi-tend inosus  as  far  as  the  middle  part  of 
the  popliteal  space,  where  it  divides  into  its  two  terminal  branches. 
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Collateral  Branches 

Along  its  course,  it  sends  out  a  series  of  collateral  branches  : 

The  gluteal  branches,  two  or  three  in  number,  which  turn  round  the 
lower  edge  of  the  gluteus  maximus  to  be  distributed  over 
the  skin  of  the  lower  and  outer  part  of  the  buttock ; 

The  perineal  branches  which  are  given  off  at  the 
same  level  and  are  distributed  over  the  skin  of  perineum 
and  scrotum  ; 

The  femoropnpliteal  branches  which  appear  at  variable 
levels  and  are  distributed,  on  the  inner  and  the  outer 
side,  over  the  skin  of  the  posterior  part  of  the  thigh. 


Terminal  Branches 


1.  A  su(M:rficial  branch  which  descends  right  to  the 
middle  of  the  calf,  distributed  to  the  integuments  ; 

2.  A  deep  subaponeurotic  branch  which  proceeds 
along  the  external  saphenous  vein  and  anastomoses  with 
the  external  saphenous  nerve,  about  the  middle  part  of 
the  calf. 

The  posterior  cutaneous  nerve  of  the  thigh  is  thus 
wholly  sensory. 

Its  destruction  is  indicated  solely  by  anesthesia  of 
the  posterior  surface  of  the  thigh  and  of  the  upper  part 
of  the  calf. 


^    i 
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Fig.  280.  —  Sen- 
sory dislribu- 
tiuii  ul  the  small 
sciatic  ntrve. 
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CHAPTER  XVII 

ANTERIOR  CRURAL  NERVE 

The  anterior  crural  nerve  is  formed  by  the  union  of  three  roots  springing 
from  the  second  and  particularly  the  third  and  fourth  lumbars. 

These  roots  unite  near  the  iliac  cresf,  at 
the  level  of  the  outer  edge  of  the  psoa^i. 

The  nerve  crosses  obliquely  the  iliac 
fossa,  in  the  angle  formed  between  the  psoas 
and  the  iliacus. 

It  passes  under  Poupart's  ligament  out- 
side the  vessels  from  which  it  is  separated 
by  a  portion  of  the  psoas, 

I'  is  under  Poapart's  ligament  that  it 
divides  into  its  many  terminal  branches, 
diverging  in  every  direction  .icross  Scarpa's 
triangle. 

The  course  of  the  nerve  trunk  then  is 
very  short ;  this  fact  explains  why  paralyses 
of  this  trunk  are  so  few. 

Collateral  Branches 

In  its  intra-pelvic  course  the  anterior 
crural  supplies  the  iliacus  and  the  psoas ;  it 
also  supplies  a  branch  to  the  femoral  :■.  iery 
and  the  nerve  to  the  pectineus. 

Fin.  j8i. — Anttrlor  crural  mrve  and  obturator 
nerve.  (After  Sappey.)  i.  Anterior  crural 
nerve,  j,  3.  Ner\'e  to  the  iliu.psoas.  4,  External 
musculo-cutaneous  ner\'c.  5,  6,  7.  Internal  mus- 
culo-cutaneous  nerve.  8.  Branch  to  the  femoral 
artery.  9,  10,  11.  Nerve  to  the  (juadrlceps. 
12.  Internal  saphenous  nerve  »ith  13,  its  patellar 
hranch  anil,  14,  its  tiliial  branch.  15.  Obturator 
nerve.  16.  Branch  to  the  adductor  longiis.  17.  Branch  to  the  adductor  brevis. 
18.  Bruich  til  the  rectus  fiuioris.  19.  Branch  to  the  adductor  niagnus.  20.  Lumbo- 
sacral trunk.  21.  Kirst  sacral  root.  22.  Abdomino-pelvic  sympathetic.  23.  External 
cutaneous  nervi'. 
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Terminal  Branches. 

The  anterior  crural  expands  into  a  consi'lcrablc  number  of  branches 
which  frequently  originate  in  two  common  trunks  and  which  we  may, 
with  Sappey,  reduce  to  four  groups. 

I.  The  external  musculo-cutaneous  nerve  supplies  a  single  muscle,  the 
sartorius,  by  means  of  sever -.1  twigs  (short  and  long  branches).  It 
supplies  three  cutaneous  branches  : 


External  ciilaneous  iitrvc 
Middle  ciilanco'.iK  nervej 


Mid.  cut. 
Twi);  lu  sartoriui 


§m 


Aice»».  inttr.  »a|ih. 

Inter,  musciilo-cut.  N. 
[Int.  cut.  N. 
'Int.  saph.  N. 


Mid.  cut. 


Inter,  saph.  access  N. 


Patellar  branch 
Branch  to  leg 


f  Inter,  saphen. 


KiG.  2S2. — Cuiamous  branches  of  the  anterior  crural.     (After  Sa,ipc) .) 

The  upper  cutaneous  perforating  branch  (middle  cut.meous)  which 
passes  through  the  sartorius  and  is  distributed  over  the  antcro-extcrnal 
part  of  the  thigh  internal  to  the  external  cutaneous  nerve  with  which  it 
anastomoses  ; 

The  lower  cutaneous  perforating  branch  (middle  cutaneous)  which 
descends  along  the  sartorius  and  perforates  it  at  about  its  middle  third,  to 
be  distributed  in  the  supra-patellar  region  ; 

The  accessory  branch  of  the  internal  saphenous,  one  branch  of  which 
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Br.  peri. 


Inter,  saph.  vrin 

Inter,  saph.  ace. 
Inter.  »aph.  N.  (patellar  br.) 


Inter,  laph.  N.  (tibial  br.)  - 


remains  close  to  the  internal  saphenous  vein,  and  the  other  the  deeper  one, 

follows  the  femoral  artery  ;  both  become  super/    al  at  the  lower  and  inner 

part  of  the  thigh  and  supply  the  inner  side  of  the  knee. 

2.  The  internal    branch  whose  muscular  branches  pass   behind  the 

femoral  vessels  and  are  distributed  to  the  pectineus  and  to  the  adductor 

longus. 

The  cutaneous  branches, 
which  pass  in  front  of  the 
vessels  are  distributed  over 
the  upper  and  inner  part 
of  the  thigh  and  anastomose 
with  the  cutaneous  branches 
of  the  obturator. 

3.  The  nerve  to  the 
quadriceps  from  which  origi- 
nate : 

The  branch  to  the  rectus 
femoris ; 

The  branch  to  the  vastus 
externus ; 

The  branch  to  the  vastus 
intcrnus ; 

The  branch  to  the  crureus. 

4.  The  internal  saphe- 
nous nerve  rejoins  the  femoral 
artery  and  descends  into  the 
she;  th  of  the  femoral  vessels 
in  front  of  the  artery  which 
it  crosses  obliquely  so  as  to 
lie  internal  to  it. 

At  the  lower  part  of  the 
thigh,  near  the  opening  in 
the  adductor  magnus,  it  leaves 
the  vessels,  perforates  the 
anterior  wall  of  Hunter's 
canal  and  proceeds  along  the 
inner  side  of  the  knee. 

Becoming    subcutaneous 


Inter,  saph.  vein 

Post,  tib.  N.  (talc,  br.) 

Musciiln.c'iitancous  N. 
Inter,  saph.  N.  ■ 
Inter,  saph.  V 


Fir.  283. — Internal  saphenous  nerve 
(Aftsr  Hirschfeld.) 


at  tht  level  of  the  internal  tuberosity  of  the  tibia,  it  lies  along  the  internal 
saphenous  vein  which  its  main  terminal  (tibial)  branch  accompanies  right 
to  the  inner  side  of  the  foot. 

Its  collateral  branches,  of  but  slight  importance,  are 

The  femoral  cutaneous  branch  ; 

The  tibial  cutaneous  branch  ; 

The  internal  articular  branch  to  the  knee. 
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It  has  two  terminal  branches  : 

The  patellar  or  anterior  branch,  which  breaks  away  at  the  inner  side  of 
the  knee  and  supplies  the  supero-internal  part  of  the  leg. 

The  tibial  or  lower  branch,  which  proceeds  along  the  internal  saphenous 
vein  and  accompanies  it  throughout  its  entire  course,  supplying  branches 
to  the  whole  inner  surface  of  the  leg. 

Its  posterior  branch  is  distributed  over  the  internal  malleolar  region. 

Its  anterior  branch  passes  in  front  of  the  malleolus  and  is  distributed  on 
the  inner  side  of  the  foot  as  far  as  the  base  of  the  first  metatarsal. 


PARALYSIS  OF  THE  ANTERIOR  CRURAL  NERVE 


s 


Paralysis  of  the  anterior  crural  nerve  is  comp.irativcly  rare 
has  quite  a  short  course  which  corresponds  solely 
to  the  point  at  which  it  crosses  the  pelvis,  where 
it  is  protected  by  the  pelvic  girdle.  Immediately 
under  Poupart's  ligament  it  opens  out  into  its 
terminal  branches  and  if  the  nerve  is  injured,  in 
Scarp,i's  triangle,  only  some  of  its  terminal  branches 
are  affected. 

Paralysis  of  this  nerve,  therefore,  is  generally  the 
result  of  pelvic  injuries. 

Injury  to  the  anterior  crural  nerve  is  shown  solely 
by  par<-ilysis  of  the  p<:ctineus,  of  the  sartorius  and  of 
the  quadriceps,  accompanied  by  loss  of  extension  of 
the  leg  on  the  thigh. 

Atrophy  of  the  crureus,  absence  of  its  power  of 
extension,  loss  of  its  normal  elcctric.-il  re.ictions  and 
abolition  of  the  patellar  reflex  are  so  many  signs 
that  enable  us  to  recognise  paralysis  of  this  nerve. 

As  a  rule,  the  patient  can  walk,  but  he  does  so 
with  his  leg  stiffened  by  contraction  of  the  tensor 
fascia-  femoris,  and  the  gracilis,  for  the  lower  limb, 
thus  maintained  in  a  kind  of  hyper-extension,  e.isily 
bears  the  weight  of  the  body  ;  but  if  the  slightest 
flexion  takes  place,  the  crureus  muscle  ceases  to  func- 
tion and  the  patient  sinks  down  on  to  his  suddenly 
flexed  knee.  He  has  also  a  special  way  of  walk- 
ing ;  advancing  the  healthy  limb,  he  brings  up  the 
paralysed  one,  plants  it  on  the  ground  in  hyper- 
extension,  maintained  by  contraction  of  the  tensor 
fasci.-e  femoris  and  of  the  gracilis,  and,  on  this  un- 
stable support,  again  begins  to  advance  the  healthy 
limb. 

As  in  fracture  of  the  patella,  walking  backwards  is 


This  nerve 


'•".t 


Fifi.  J  84.  —  Muscles 
stippliot  by  the  an- 
terior iTiiral  :  sar- 
torius, pet'tineiis, 
quadriceps. 
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M  easy  as  walking  forwards  is  difficult,  for  in  this  case  the  knee  remains 
in  a  state  of  permanent  hypcr-extension, 

A  frequent  cause  of  error  must  be  menti  incd  in  summing  up  anterior 
crural  paralysis.  We  sometimes  imagine  that  voluntary  muscular  con- 
tractions persist  just  as  we  may  observe  electrical  pseudo-contractions 
of  the  paralysed  crural  triceps.  This  error  originates  in  the  voluntary  or 
electrical  contraction  of  the  tensor  fasciie  femoris  (superior  gluteal  nerve), 


fu.i.  185  and  286. — ParaiyiiK  of  the  ritjht  antrrior  «niral  nerve  by  intra-pelric  lesion, 
alxive  Pou|iart's  ligament  ;  slight  consecutive  hydrarthrosis  of  the  rignt  knee. 

which  thrusts  inwards  the  triceps  an('  imparts  to  it  a  transverse  pull  by 
means  of  its  aponeurotic  slip. 

It  must  not  be  forgotten  that  pamlysis  of  the  anterior  crural  is  often 
accompanied  by  hydrarthrosis  of  the  knee,  probably  causi-d  partly  by  the 
slight  and  oft-repeated  injuries  which  this  articulation  now  has  to  sustain 
and  partly  by  the  hypcr-extcnsion  necessary  for  walking. 

Disturbances  of  sensibility  arc  localised  on  the  anterior  surface  of  the 
thigh  and  on  the  inner  surface  of  the  leg. 

A  special  study  must  be  made  of  these  latter  disturbances  and  of 
lesions  of  the  internal  saphenous. 


LESIONS  OF  THE  INTERNAL  SAPHENOUS  NERVE. 

Of  all  the  branches  of  the  anterior  crural  nerve,  the  internal  saphenous 
is  the  only  one  the  lesion  of  which  is  of  special  interest,  since  lesion  of 
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the  other  f^rminal  branches  causes  no  more  ilian  partial  paralysis  of  the 
sartorius  and  the  crural  triceps. 

The  long  course  of  the  internal  saphenous  exposcii  it  to  frequent  lesions 
capable  of  producing  the  various  syndromes  of  simple  aii.tsthesia,  neuralgia 
firom  nerve  irritation,  or  even  actual  causal^'ia. 

Its  distribution  covers  the  entire  inner  surface  of  the  leg  and  spreads 
upwards  on  to  the  antero-internal  surface  of  the  knee.     It  extends  over 


Anterior  surface.  PoslcriDr  siirtinx.  Innt-r  surface. 

K    ;.  iSj.  Flfi.  j88.  Kl<i-  iSc 

ul  288. — Sensory  region  1)1  the  anterior  crural.     Above  the  ..uce,  rei,lin 
•   trior  crural  (iroper.     Below  the  knee,  region  ot  the  internal  aajilienou«. 
i'  -Sei.sory  disturbances  in  complete  interruption  ot  the  internal  saphenous 

nerve  in  Scarjja's  triangle. 

the  mttrnal  malleolar  region  and  over  the  inner  side  of  the  foot,  to 
end  near  the  first  metatarsal. 

It  is  often  somewhat  enlarged  in  its  upper  part  by  simultaneous  IcNion 
of  the  branch  accessory  to  the  internal  saphenous,  which  follows  in  the 
thigh  the  same  course  as  the  internal  saphenous  and  is  also  affected  .is 
a  rule. 

Neuralgia  of  the  internal  saphenous  is  at  times  so  \iolent  as  to  cause 
considerable  inconvenience  in  w.ilking. 


DIAGNOSIS 

The  diagnosis  of  paralysis  of  the  anterior  crural  must  be  made  from 
functional  paralysis  and  from  reflex  itiuscular  atrophies  which  generally 

18 
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follow    frartureii   of  the    femur   and    particularly   Iniuns   of    the   knee 
joint. 

Particular  care  mu»t  I  c  taken  in  dealing  with  lesions  of  the  lumbar 
roots  or  with  lumbar  hematomyelias,  which  we  will  study  along  with  the 
tyiidromc*)  of  the  lumb<vsacral  plexus. 


ice 
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the 


CHAFFER  XVIII 

OBTURATOR  NERVE 

The  obturator  nerve  originatt    in    he  lumbar  plexu«  from  tlic  wconJ, 

thirJ,  and  fourth  lumbar  roots. 

It  appears  internal  to  the  iwoas  p!'>'>e> 
behind  the  common  iliac  vessels  and  pro- 
ceeds alon){  the  brim  of  the  inlet  right 
to  the  subpubic  groove,  covered  by  the 
parietal  peritoneum. 


Superficial  layer. 


Dci-p  layer. 

Fi<; 


Fic.  lyo.  Fl(..  J91.  n«;.  192. 

Fl(i.  29c. — Anterior  crural  nc-rvc  ami  (ibtiiratur  ntrvi-.  (Attir  Sa|>(«;y.)  1.  Aiucnor 
irural  iitnc.  2,  3.  Nerve  to  the  ilio-|isoas.  +.  External  hraiuli  of  anterior  crural 
nerve.  5,  6,  7.  Internal  branch  of  anterior  crural.  8.  H'anch  to  the  femoral  artery. 
9,  10,11.  Nerve  to  the  i|uailrict')u.  12.  Internal  saphenous  nerve,  with  ij,  its 
patellar  branch  and  14,  its  tibi:>l  branch.  15.  Obturator  nerve.  16.  Hranch  to  the 
aihluctur  longus.  17.  Brar  '1  to  the  aililuctor  brevis.  iX.  Brinch  to  the  fjraeilis. 
19.  Branch  to  the  aililuctoi  a;:nu».  20.  Luinbo-sacral  cortl.  ^i.  First  sacral  root. 
22.  AUIomino-p;lvic  sympathetic.     23.   External  cutaneous  nerve. 

Fii;s.  j()i  and  292. — Muscles  supplied  by  tl  <■  obturat  >r  nerve.  Sui>trticial  layer  :  ailductor 
lonKuSi  adductor  niannus  gracilis.  Dee  ayer  :  tl.e  sartorius,  the  crural  triceps  and  the 
[Hitineus  {crural  nerve)  have  been  remo-.eil,  and  the  ad<luctor  longus  (obturator  nerve) 
lias  been  cut  to  shoiv  the  obturator  externus  and  the  adductor  brevis,  as  well  as  the 
lower  part  ol  the  adiiuctur  magiiu»  and  ot  ilie  ^racili^i. 
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On  leaving  the  oHturwor  foremen  or  even  in  the  lubpuhic  groove  it 
diviilct  into  itt  terminai  branche«. 

Branches 

In  it«  pelvic  counc  it  tupplie*  chiedy  the  branch  to  the  obturator 
internun. 

There  are  two  terminal  branche* — 
I.  SaptrfleUl  braneh,  which  pauet 
in  front  of  the  ailJuctor  brevi*  and  then 
wind*  below  the  adductor  longus. 
It  Hupplies  at  thin  level : 
The  branch  to  the  graciln  \ 
The  branch  to  the  adductor  brevi>s  } 
The  branch  to  the  adductor  lungu* ; 
A  cuuneous  branch  which  i»  distri- 
buted  over  the  supcro-internal  surface 
of  the  thigh  and  anastomoses  with  the 
internal  saphenous. 

a.  Deap  bnuioh.— This,  on  the  other 
hand,  pastes  behind  the  adductor  brc\  is 
and  supplies  the  adductor  magnus  on 
which  it  rests. 

The  obturator  nerve  is  essentially 
the  nerve  of  adduction  of  the  thigh.  Its 
secondary  function  is  to  rotate  outwards 
and  to  flex  the  thigh  on  the  pelvis. 

As  a  rule,  adduction  is  not  com- 
pletely paralysed  in  lesions  of  the 
obturator  nerve,  for  the  adductor  longus  receives  secondary  innervation 
from  the  anterior  crural  j  the  adductor  magnus  also  receives  some  twigs 
from  the  sciatic. 

Sensory  disturbances  appear  in  a  triangular  area  occupying  the  inner 
surface  of  the  thigh. 

Lesions  of  the  obturator  are  even  more  rare  than  those  of  the  anterior 
crural ;  like  the  latter  it  has  a  somewhat  short  trunk,  also  very  cfFecti\e 
protection  is  afforded  it  by  the  bonr  and  muscles  of  the  pelvic  girdle. 


19J  anii  194. — SriKory  rrKion 
of  the  ubtiirator. 
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CHAPTER   XIX 

EXTERNAL  CUTANEOUS  NERVE  OF  THIGH 

Thk  external  culitiicot»  nerve  originates  in  the  nccontl  and  third  tuinhar 
rootN. 


Kh..  J9J, l.iiiiibur    iilrxuii   anil    collateral    brancho.      (After    Hirsilitilil.)      i.  (Jrrai 

alHlomiiial  ami  pelvic  sympathetic.  2,  j'.  nth  ilor»al  root.  j.  nt  liiiiibar  niiit. 
4,  4.'.  Ilio-hypogastric.  5,  5'.  Illo-inffuinal.  6.  tm\  lumbar  rcmt.  7,  7'.  (ieiiito. 
crural.  8,  8'.  External  culaneouf.  9,  ic,  11.  jril, +th,  sth  lumbar  rcKitj.  ij.  i.umbo- 
kacral  conl.  1  j.  Pertoratinj;  branch  of  the  ilio-hypoi;a«tric.  i+.  Its  alHliiminal 
branch.  15.  Itr  genital  branch.  16,  17,  17'.  Tht  trunk,  gluteal  aiul  femoral  branches 
of  the  external  cutaneous.  i8.  licnital  branch,  ami  19,  19',  crural  branch  of  the 
gcnito-crural.     20,  ic'.  Anterior  crural  nerve.     21,  ji'.     Obturator  nerve. 

It  emerges  from  the  outer  edge  of  the  psoas,  crosses  the  iliac  crest,  and 


278 


NERVE  WOUNDS 


goes  on  its  way  lying  on  the  inner  surface  of  the  pelvis  a  little  below  the 
Iliac  crest,  pressed  against  the  iliacus  by  the  prictal  layer  of  the  peritoneum. 

It  issues  from  the  pelvis  through  the 
notch  between  the  antero-superior  iliac 
spine  and  the  antero-inferior  iliac  spine. 

It  then  divides  in.j  a  posterior  or 
gluteal  branch  which  is  destined  for  the 
integuments  of  the  supero-external  part 
of  the  buttock  and  into  two  femoral 
branches  distributed  over  the  skin  of  the 
outer  part  of  the  thigh. 

Anaesthesia  of  this  nerve  covers  a 
region  corresponding  to  the  outer  part 
of  the  thigh  ;  its  irritation,  which  is 
rather  frequent,  causes  the  appearance 
of  a  somewhat  special  neuralgia  covering 
the  entire  outer  surface  of  the  thigh, 
rendering  painful  the  contraction  of  the 
extensor  fasci.-e  femoris,  and  known  ever 
since  the  description  given  of  it  by 
W.  Roth  (1895)  under  the  name  of 
neuralgia  parassthctica. 

Several  cases  have  been  mentioned  of 
lesion  of  the  external-cutaneous  accom- 
panied by  painful  irritation  of  the  causalgic  type. 


^  Ifis,  2y6  and  igy. — Sensory  region 
ot  the  external  cutaneous. 
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GENITO-CRURAL  NERVE 

The   gcnito-crural    nerve   originates   almost  exclusively  in   the   second 
lumbar  root. 

It  makes  its  way  forwards  across  the  fibres  of  the  psoas  emerges  on 
the  anterior  surface  of  this  muscle,  and   descends,  ,  ^  ^ 

parallel  to  this  latter,  right  to  the  antero-inferior 
iliac  spine,  below  which  it  passes  under  Poupart's 
ligament.     It  divides  into  two  terminal  branches  : 

1 .  The  external  or  crural  branch  passes  under 
Poupart's  ligament  outside  of  the  iliac  vessels  to 
which  it  is  applied,  separated  consequently  from  the 
anterior  crural  nerve  by  the  tendon  of  the  psoas. 

It  perforates  the  fascia  in  front  of  the  vessels 
and  becomes  superficial,  afterwards  it  spreads  over 
the  integuments  of  the  antero-internal  surface  of 
the  thigh. 

There  it  supplies  a  small  sensory  region,  oval 
in  form,  covering  almost  the  whole  of  Scarpa's 
triangle. 

2.  The  internal  or  genital  branch  breaks  away 
from  the  former  before  passing  under  Poupart's 
ligament  ;  it  bends  back  inwards  to  reach  the 
inguinal  canal  through  which  it  passes  together  with 
the  vas  deferens. 

It  penetrates  into  the  scrotum  and  is  distributed 
over  the  skin  of  the  scrotum  and  to  the  contiguous 
area  of  the  inner  surface  of  the  thigh. 

Lesions    of  the    gcnito-crural    nerve   .ire    very   Ki(,.29«.-Sn.s..ryrcKi..n 
r.-ire  ;  they  show  themselves,  for  the  most  part,  in       i.t  the  Kinito-tniral. 
sensory  disturbances.     We  have  met  with  lesions 

that  irritate  the  nerve,  in  the  course  of  wounds  of  the  abdominal  wall, 
manifesting  themselves  by  p.iinful  hyper-zesthcsia  at  the  root  of  the  thigh 
and  in  the  scrotum. 


CHAPTER  XXI 
ILIOHYPOGASTRIC  NERVE 

The  ilio-hypogastric  continues  the  first  lumbar  root  and  makes  its  way 
Ob hquely  towards  the  iliac  crest,  passing  along  its  upper  border  lyTng 
between  the  .nternal  oblique  and  the  transversalis  abdorninis  ^  ^ 

I.  It  gives  off  along  its  course  a  perforating  branch  which  appears 

above  the  gluteus  maximus  and  supplies 
the  outer  and  upper  part  of  the 
buttock. 

2.  It  supplies  a  musculo-cuuneous 
branch  or  abdominal  branch  which  gives 
some  motor  twigs  to  the  internal  oblique 
and  to  the  transversalis,  and  is  distri- 
buted,  by  way  of  a  perforating  branch, 
over  the  skin  of  the  lower  part  of  the 
abdomen. 

3.  The  third— genital— branch  pro- 
ceeds along  the  upper  surface  of  Poupart's 
ligament,  lying  in  the  depth  of  the 
abdominal  wall,  between  the  transversalis 
and  the  internal  oblique. 

It  thus  enters  the  inguinal  canal  and 
....  emerges   to  spread  out   at  the  external 

inguinal  rmg  into  branches  which  are  distributed  over  the  supero-internal 
part  of  the  thigh. 


KiGS.  299  ami  300. — Sensory  region 
oi  the  ilio-hypogastric. 


ILIOINGUINAL 

The  ilio-inguin.-il  appears  as  a  collateral  trunk  of  the  ilio-hypogastric 
It  onguLites  in  the  fir.t  lumbar,  proceeds  like  the  latter  along  its  lower 
border,  supplies  a  few  muscular  branches  to  the  internal  oblique  and  the 
canir         '  ""''  ^""^   ''"'"  ''''''-''^P"&''''''''<=    ^f°"'   '«=aving  the    inguinal 

The  ilio-hypogastric   and  ilio-inguin.-il  •  together  really  act  as  a  true 
intercostal    nerve :  their   oblique  course  in  the   depth  of  the  abdominal 
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wall,  the  motor  branches  supplied  to  the  muscles  of  the  abdomen,  the  two 
lateral  perforating  cutaneous  branches,  and  their  terminal  branch  issuing 
from  the  inguinal  canal,  represent  the  three  perforating  branches  of  the 
intercostal  nerves. 

Their  sensory  region  consists,  as  docs  that  of  the  inte  costals,  of  an 
oblique  tract  which  passes  along  the  margin  of  the  pelvic  girdle  but  spreads 
over  the  root  of  the  lower  limb  at  the  points  where  the  three  perforating 
branches  emerge.  The  result  of  this  is  a  sinuous  tract  corresponding  to 
the  similar  sinuosities  of  the  twelfth  intercostal  nerve. 


CHAPTER  XXII 
LUMBOSACRAL  PLEXUS 

From  the  lumbo-sacral  plexus  all  the  nerves  of  the  lower  limb  originate. 
It  consists  of  two  distinct  parts:  the  lumbar  plexus,  formed  by  the  first 
four  roots  ;  the  sacral  plexus,  consisting  of  the  fifth  lumbar  root,  and  the 
first,  second  and  third  sacral. 


XII D 


tlio-hypogastric  and  ilio-inguinal 


External  cutaneous 


Anterior  crural 


Ob(urator  /    / 

Lumlxi-sacral  ciinl 
FifT.  301. — Lumbar  plexus. 

All  the  roots  of  these  plexuses  are  united  to  one  another  by  vertical 
anastomoses,  which  form  actual  nerve  loops  from  which  the  trunks  that 
constitute  the  peripheral  nerves  are  given  ott. 


LUMBOSACRAL  I^EXUS 
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LUMBAR  PLEXUS 

A  very  simple  description  of  the  common  types  of  lumbar  plexus  may 
be  given. 

The  first  lumbar  root  gives  off  the  ilio-hypogastric  and  the  ilio-inguinal 
with  the  aid  of  the  anastomotic  loop  originating  in  the  twelfth  dorsal. 

The  second  lumbar  root  supplies  the  excernal  cutaneous  and  thegenito- 
crural,  with  the  aid  of  the  anastomotic  loop  originating  in  the  first  lumbar. 


Ilio-hypogastric 
Ilio-inguina 

Ext,  cutaneous., 

Uenito-cruial 


Lumbo-Mcral  corj- 

Obturator  - 
Anterior  crural-  - 


ianglions  of  the 
sympathetic 


Kk;,  y^z. — Ctinnec'titnib  t'Ctwccii  the  litriiliar  pliAUs  arui  its  branches. 

The  anterior  crural  nerve  is  for  the  most  part  formed  of  the  fibres 
originating  in  the  third  lumbar,  but  it  also  receives  an  important  contri- 
bution from  the  second  lumbar  and  even  a  more  important  one  from  the 
fourth  lumbar. 

It  i«  the  fourth  lumbar  that  supplies  the  obturator  which  also  receives 
fibres  from  the  third  and  even  from  the  second  lumbar. 
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From  the  fourth  lumbar  there  also  breaks  awav  an  anastomotic  loop 
which  unites  with  the  fifth  lumbar  to  constitute  the  iumbo-sacral  trunk, 
the  upper  root  of  the  sacral  plexus. 

The  lumbar  plexus  is  covered,  on  the  sides  of  the  vertebral  column, 
by  the  belly  of  th,-  psoas  muscle. 

Through  the  fasciculi  of  this  muscle  emerge  the  different  nerves  formed 
by   the  plexus;   the    ilio-hypogastric   and   ilio-inguinal   above  and    the 


jth  lumbar  ganglion 


Ext.  ciiian.  nerve 
Cicnito-crural  N.  — . 

Obturator  N 


N.  to  obtur.  int 


LumliO'iarral 
coni 

I  >t  sacral  N. 


mil  Mcral  N. 
N,  to  levator  ani 
Puclic  nerve 
Inf.  hemorr.  N. 
'  N.  dors,  penis 
Sup.  perineal  N. 


Dorsal  N.  penis 
N.  to  trans,  perinei 


Long  puilcnilal  N. 
!l  sciatic  N. 


Fifi.  303.— Sacral  plexus.     (After  Hirschleld.)     Collateral  branches. 


anterior  crural  below  appt..r  on  its  external  Iwrdcr,  the  external-cutaneous 
on  its  anterior  surface,  the  genito-crural  and  the  obturator  on  its  interna! 
border. 

The  -ollatcral  branches  of  the  plexus  are  of  slight  importance  ;  they 
arc  the  branches  supplied  to  the  quadratus  lumborum  and  to  the  psoas  by 
the  first  two  lumbar  roots. 

SACRAL  PLEXUS 

The  sacral  plexus  consists  essentially  of  the  fusion  of  the  luinbo-sacral 
cord  (fifth  lumbar  and  an  anastomotic  branch  of  the  fourth  lumbar)  and 
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of  the  first  three  sacral  roots,  in  one  bulky  trunk :  the  great  sciatic- 
nerve. 

It  supplies  several  important  collateral  branches  : 

I.  The  superior  gluteal  nerve,  which  originates  in  the  lumbo-sacra! 
cord  and  the  first  sacral,  issues  through  the  great  sci.ar  notch,  passes  above 
the  pyramidalis,  and  proceeds  between  the  gluteus  minimus  and  the 
gluteus  medius,  divides  into  an  ascending  branch  and  a  descending  branch 
which  penetrates  into  the  tensor  fascia  f'emoris.  It  supplies  the  gluteus 
minimus,  the  gluteus  medius  and  the  tensor  t'lsci.-e  femoris  ; 


Ohturatiir ' 


Lumbo-ucral  conlr — y 


Superior  gluteal  J 

PyramulaliSj 

Superior  gemellus  i 
Interior  Rcmellus ' 
(juadratus  tiiniirik* 


IS 

JIS 
ililS 


'«J   jj   I.cvatdr      If      • 
'l-'i  '''Jfc    ""'  '•VjSaiTo- 

'\%Obt.  inter.  *-^X . 
i»  "''Inf.Hem-.r.,^^'- 

•"'    P,.,i,v  V 


coccygeal  plexus 


Piidir  N. 


Small  sciatic  N./ 


'  Great  Sciatic  N. 


Fig.  J04. — Sacral  plexus. 

2.  The  nerve  to  the  obturator  internus,  which  also  originates  in  the 
lumbo-sacral  cord  and  the  first  s<icral,  proceeds  forwards  into  the  inferior 
pelvi-rectal  space  and  supplies  the  obturator  internus  muscle  ; 

3.  The  nerves  to  the  pelvi-trochanteric  muscles  which  are  given  off 
from  the  first,  second  and  third  s.-icrals,  and  arc  distributed  to  the  pyramidalis, 
the  quadratus  femoris,  and  the  gemellus  superior  and  gemellus  inferior 
muscles  ; 

4.  The  inferior  gluteal  nerve,  which  originates  in  the  fifth  lumbar  and 
the  first  and  second  sacr.1l,  accompanies  the  great  sciatic  nerve  and  appears 
with  it  helow  the  pyramid.-ilis,  to  split  up  on  the  deep  surface  of  the  gluteus 
maximus  which  it  supplies  by  means  of  a  series  of  ascending  and  descending 
branches. 

It  is  to  the  somewhat  frequent  union  of  this  nerve  trunk  with  the 
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poMcrior  cuuneoui  nerve  of  the  thigh  that  we  lometimes  give  the  name 
of  small  sciatic,  regarde<l  in  thi*  case  as  a  terminal  branch  of  the  lumbo- 
Mcral  plexus. 

As  a  matter  of  fact,  however,  the  great  sciatic  alone  includes  in  itscK 
all  the  branches  of  the  plexus  of  which  it  is  the  sole  terminal  trunk.     It  it, 


Poit,  cutan, 

N.  (pcron. 

br.) 


Glutrut  maximim 


Sup.  glut.  N  . 


Gt.  Sacro. 
•ciaiic  liga- 
ment 

Pudic  a. 


-•Gliitrui  minimut 

Tf  nior  faicix 
frmorii 


Pyramiilalit 


Cireat  trialii- 

nerve 
(juadratui 

femurii 


Gliiieui  maxi- 
mut 


Post,  cutan.  N.  (glut,  br.) 

Kio.  305._Nerve.  of  the  gluteal  region.    (After  Hirechlel.l,  .implilied.) 

according  to  Cruveilhier's  expression,  "  the  sacral  plexus  condensed  in  one 
nerve  trunk." 

The  collateral  branches  of  the  sacral  plexus,  along  with  the  great 
original  trunks  of  the  sciatic,  constitute  quite  an  inextricable  network 
of  nerves  which  covers  the  entire  posterior  surface  of  the  pelvic  cavity. 

PUDENDAL  PLEXUS 

The  anastomotic  loop,  which  unites  the  third  to  the  fourth  sacral, 
forms  with  this  latter  root  and  the  loop  of  the  fifth  sacral  the  origins  of 
the  pudendal  plexus. 

This  plexus  supplies  several  collater.-il  branches  and  a  terminal  branch  : 
the  pudic  nerve. 

The  collateral  branches  are  distributed  : 
To  the  '  -ator  ani  and  the  ischiococcygeus  ; 
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To   »he  sphincter  ani   and   the  »kin   of  the   anal  margin  (inferior 
hemorrhoidal  or  anal  nerve). 

1  he  pudic  nerve,  terminal  branch  of  the  plexus  issues  from  the  pelvic 
cavity  bcluw  the  pyrami- 
dalis,  internal  to  the  sciatic ; 

it  crosses  the  ischio-rectal  .,^^fSi\  \  ll 

fossa  in    the    aponeurotic  r^     Im/i   \  ^ 

sheath  of  the  obturator  in-  ^iS^T^M    1  a 

ternus ;  at  the  level  of  the  ^^/(§M    1  m 

tuberosity  of  the  ischium  '  ^"     ' 

it  divides  into  its  two 
terminal  branches,  the 
perineal  nerve  and  the 
dorsal  nerve  of  the  penis. 


Ilio-hypogutric  and 
iliu-ingiiinal 


Ext.  ciitancoui  and 
gcnito-crural 


Anterior  crural 


Obturator 


RADICULAR  SYN- 

DROMES OP  THE 
LUMBO.SACRAL 
PLEXUS 

The  roots  of  the  lumbo- 
sacral plexas  are  not  only 
affected  by  traumatisms  of 
the  pelvic  cavity,  they  may 
also,  and  perhaps  more  fre- 
quently, be  found  injured 
in  their  long  intra-spinal 
course.  Indeed,  they  form, 
in  the  whole  of  the  spinal 
canal  which  stretches  be- 
low the  first  lumbar  ver- 
tebra, a  compact  bundle, 
aiutJa  ijuina,  from  which 
they  break  away  one  after 
the  other  to  reach  the 
inter-vertebral  foramin,i. 
Along  this  course,  they  are 
successively  intra-dural  and 
extra-  dural.  We  must  re- 
member that  the  cul-de-sac 
of  fiuta  mater  ends  in  the  vici."<ity  of  the  second  sacral  vertebra. 

Fractures  of  the  spine,  depressed  fracture  of  the  sacrum,  bullets  or  shell 
splinters  penetrating  into  the  spinal  canal,  always  affect  several  roots  at 
once,  producinu;  the  different  syndromes  of  the  aiiuk  rquina. 

There  is  no  occasion  to  consider  here,  as  in  the  case  of  the  brachial 


Sciatic 


Kin.    306. — Intni.s|iinal    course   of  the    lumbo-sacral 
root! ;    iauJa  ii/uin.i.      The    dural    cul-de-sac    is 


dotteil. 
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plexui,  root  u\d  trunk  nyndromc*.  It  it  lufKcicnt  to  compsire  the  principnl 
root  lyndromc*  of  the  lumbo.»acral  plexiM  with  the  tyndrome*  of  the 
peripheral  nervn. 

Whether  intraspinal  or   extra-spinal,   le«ion%  of  the  root*  may   be 
recogni«ed  by  their  special  root  topography. 


Piriphcral 

arrai. 

Anterior  view. 

Fk.*,  JC7  anil  3c8. — 


Kuot  areas. 


-— >         Peripheral 
area>. 
Posterior  view. 

Liimbo-iarral  plexus.     Sensory  tO)Hi);raphy,     Peripheral  anil 
railiriilar  areas. 


The  peripheral  nerves  always  contain  fibres  coming  from  several 
roots ;  consequently,  the  root  lesions  will  for  the  most  part  give  rise  to 
dissociated  peripheral  paralyses.  On  the  other  hand,  almost  all  the  nerves 
receive  their  supply  from  several  roots,  consequently  no  complete 
paraly.iis  will  be  observed  unless  several  roots  are  injured  at  the  same 
time. 

Disturbances  of  sensation,  likewise,  are  characterised    by  a  different 
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topography  from  the  peripheral  iliMribution  ;  they  appear  in  the  form  nl 
longitudinal  tract*  almo»t  parallel  to  the  axi»  o(  the  limb  in  the  caw  of  the 
lacral  and  lower  lumbar  root%  arranged  ohli(|ucl]r  in  the  caitc  of  the  upper 
lumbar  root*  which  constitute  a  tort  uf  tran»ition  f^om  the  almo»i  horizontal 
topography  of  thv  donal  rooti. 

Lattly,  the  motor  and  leniory  roots  may  be  injumJ  independently  of 
one  another  in  the  spinal  canal  i  we  then  find  dissociation  between  the 
motoi  and  the  sensory  areas. 


LUMBAR  ROOTS 

The  upper  roots  of  the  lumbar  plexus  (first  and  second)  have  only  a 
very  secondary  motor  riMe  ;  they  supply  a  few  fibres  to  the  psoas,  to  the 
quadratus  lumborum,  to  the  lower  part  of  the 
transversalis    abdominis    and    to    the   anterior 
muscles  of  the  thigh.     Injury  does  not  cause 


KiG.  309. — Root  to(>ography 
in  Iniun  of  the  Hrst  ami 
Kconil  lumbar  rooti. 


Kl<i.  5 10. — A»ii«iatril  |iaraly>it  ol  llic 
anterior  crural  a:.  I  or  the  obturator, 
rausetl  by  injury  ut  the  ihlnl  ami 
lourth  lumbar  roots. 


paralysis,  but  simply  an  enfeebled  condition  of  these  muscles. 

Their  sensory  region  comprises  the  outer  surface  of  the  buttock  and  of 
the  root  of  the  thigh  ;  it  spreads  over  the  anterior  surface  of  the  thigh  and 
passes  slightly  beyond,  on  to  the  upper  pan  of  the  outer  surface. 

The  lower  roots  of  the  lumbar  plexus  (third  and  fourth  lumbar  and 
fibres  from  the  fifth  lumbar],  on  the  other  hand,  occupy  a  very  imiKirtant 
motor  region.  It  comprises  all  the  anterior  and  internal  muscles  of  the 
thigh  ;  the  crural  trice|)s,  the   pectincus  and  the  sartorius,  through  the 
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Miwrkr  cninl  nerve  i  the  adducton  and  the  graciln  through  the  obturator 
nerve. 

Injury  to  these  rooti  siccn  both  the  area  of  the  anterior  crural  and 
that  of  the  obturator,  giving  the  atrophied  thigh  a  tpecUl  appearance,  at 
though  It  were  itrangled  in  its  middle  part. 

Finally,  the  tourth  and  fifth  lumbar  root* 
•upply  a  ceruin  number  of  fibre*  to  the  glutei, 
to  the  icnior  faacia:  femori*,  to  the  pokterior 
muscle*  of  t!,e  thigh  and  to  the  muscle*  of 
the  leg,  which  may  consequently  be  slightly 
weakened. 

Among  the  muKles  in  which  atrophy  and 
weaknew  consequent  on  lesions  of  the  fourth 
and    fifth    lumbar    roots 
are  manifested,  we  must 
specially  note  the  tibialis 
amicus  {     the     extensor 
communis  digitorum  and 
the  extensor  proprius  hal- 
lucis,  as  well  as  the  inner 
head    of   gastrocnemius, 
also  receive  lumbar  fibres, 
though  fewer  in  number. 
Though  'leoendent  on 
the  externii'  .     'iteal,  the 
tibialis  amicus  is  almost 
entirely  supplied   by  the 
fourth   and   fifth  lumbar 
roots  ;  atrophy  and  para- 
lysis   in    lesions   of   the 
lower  part  of  the  lumbar 
plexus  are   almost  com- 
plete }     its     preservation 
also  in  lesions  of  the  first 
and    second    sacral    roots 
contrasts  strikingly  with 
the  complete  paralysis  of 
the  peronei.   It  acts  as  the 
supinator   longus   muscle 
— of  which    it    is   really 
Like  this  muscle  also  it  belongs 


Fig.  ]ii.— Vliiirlri  (uppliol  by  the  thini,  fourth  ami 
filth  lumbar  iiioti.  Note  that  the  tibialis  anticui  ii 
•upplird  almoM  »olely  by  lumbar  fibrct.  The  ex- 
lenson  ami  the  inner  head  of  K<>'<"><'n"niu>  receive 
only  a  tew  fibrea. 

Fig.  3h.— Sentory  area  o(  the  third,  fourth  and  fifth 
lumbar  riMiti. 


the  homologue — docs  in  the  upper  limb, 
to  the  upper  root  group  of  the  limb. 

The  sensory  area  of  the  last  lumbar  roots  spreads  obliquely  over  the 
outer  surface  of  the  thigh,  the  anterior  and  inner  surface  of  the  knee, 
and  the  whole  inner  surface  of  leg  and  foot.     The  patellar  reflex,  which 
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conrctpondt  cMcntiall/  10  the  third  and  fourth  lumbar  roan,  it  alway* 
abolished,  both  by  annthctia  of  the  point  of  origin  of  the  reflex  and  by 
tuppreiMon  of  the  motor  retponte. 


•ACRAL  ROOTS 

The  fibres  of  the  lint  two  lacral  root*  are  distributed  over  the  region  of 
the  great  Kiatic  nerve,  with  the  exception  of  the  tibialis  anticus  which  is 
exclusively  supplied  by  L4  and  Ls  i 
the  other  muKles  of  the  leg  also 
receive  a  few  fibres  frcm  t!ic  lumbar 
roots  I  this  participation  of  the  lum- 
bar lytu  is  'Mrticularly  obvious  in 
the  case  oi  the  extensor  longus 
digitorum,  the  extensor  proprius 
hallucis  and  the  inner  head  of 
gastrocnemius.  On  the  other  hand, 
the  peronei  and  the  outer  head  of 
gastrocnemius  would  appear  to  be 
almost  exclusively  supplied  by  sacrul 
fibres. 

In  the  foot,  it  is  the  muscles  of 
the  internal  compartment,  the  al^ 
ductor  and  the  flexor  brevis  hallucis, 
that  appear  to  receive  the  principal 
supply,  though  an  unimportant  one, 
of  lumbar  fibres.  On  the  other 
hand,  the  adductores  hallucis  and 
the  interossei  seem  to  be  entirely 
supplied  by  the  sacral  roots. 

We  thus  sec  in  what  main  re- 
spects root  innervation  is  distin- 
guished from  peripheral  innervation 
in  the  lower  limb. 

Indeed,  we  often  meet  with 
lesions  affecting  the  third,  fourth  and  fiiii  anterior  lumbar  roots:  the 
symptoms  observed  arc  those  of  paralysis  of  the  anterior  crural  and  of  the 
obturator,  and  we  are  at  first  somewhat  surprised  to  find  associated  there- 
with  both  paralysis  of  the  tibialis  anticus  and  weakening  of  the  extensores 
digitorum,  belonging  to  the  region  of  the  sciatic.  Frequently  the  tibialis 
anticus  appears  10  be  profoundly  aflfected  in  lesions  connected  solely 
with  the  fourth  lumbar. 

In  the  same  way,  inverse  dissociation  is  found  in  lesions  of  the  first  and 
second  sacral  roots ;  at  first  they  seem  to  spread  over  almost  the  whole 
region  of  the  sciatic  and  we  are  surprised  to  find  that  the  tibialis  anticus 


Fic.  jij.  Fi',   ,.+. 

Figs,  jij  and  ji^. — Musrics  lupplied   by 

the  (irii  mil  irconil  urral  roott.     Note 

the  almint  cumplrle  integrity  of  the  tibialis 

anticiii  and  the  partial  prcfervation  of  the 


292 


NERVE  WOUNDS 


IS  not  touched  at  all,  that  some  faint  movements  of  the  extensors  are 
possible,  and  that  there  are  even  some  very  feeble  contractions  of  the  inner 
head  of  gastrocnemius  and  of  the  muscles  of  the  great  toe. 

Sensory  disturbances  of  the  first  and  second  sacral  roots  occupy  a 
broad  tract  which,  after  spreading  over  the  posterior  surface  of  the  buttock, 
extends  obliquely  to  the  external  surface  of  the  knee  and  leg,  passes  on  to 
the  anterior  surface  of  the  leg  and  covers  both  the  dorsal  surface  and  the 
plantar  surface  of  the  foot  as  far  as  the  first  intermetatarsal  space. 


i  i' 


' 


Fifis.  3 1 5  and  3 1 6.—  Lesi.m  of  the  first,  second  and  third  sacral  roots.  The  anaesthetic 
region  has  been  panned  with  tincture  of  iodine.  The  lesion  of  the  third  sacral  root 
adds  to  the  topograi>hy  of  the  first  and  second,  the  inner  region  of  the  buttock  and  a  small 
postero-external  tract  on  the  thigh.  Paralysis  of  all  the  muscles  of  the  leg,  with  the 
exception  ot  the  tibialis  anticus  which  k  scarcely  touched.  There  arc  also  some  slight 
niovemeiits  ot  the  extensor  hallucis  and  ot  the  extensor  communis ;  a  faint  suggestion 
ot  contrai- jn  ot  the  inner  head  of  gastrocnemius  and  of  the  flexor  brevis  hallucis. 

In  this  same  region,  when  there  is  irritation  of  the  roots,  we  find 
hyper-ssthesia  or  the  trophic  disturbances  characteristic  of  neuritic  lesions. 

The  Achilles  reflex  (first  and  second  sacral)  is  in  every  case  abolished. 

The  third  sacral  root  is  distributed  over  the  inner  part  of  the  buttock ; 
it  descends  on  to  the  posterior  surface  of  the  thigh,  as  far  as  its  middle) 
occupying  a  triangula.  tract  just  internal  to  the  region  of  the  second' 
sacral. 

When    the   fourth   and   fifth    sacral    roots,   are    injured,   it  results  in 
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Fi(i.  317. 

Fig.  317.— Plantar  anxtthesia  in  the 
preceiling  case.  The  line  of  demarca- 
tion passes  through  the  first  intermeta. 
tanial  space  anil  the  first  tntenligiial 
spare. 

Fk;.  318. — Cutaneous  desquamation  with 
root  tcipography  in  irritative  lesion  of 
the  first  and  second  sacral  roots  {radi- 
cuiilii). 
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incontinence  of  urine  and  feces,  due  to  paralysis  of  the  sphincters ; 
vesical  paresis,  paralysis  of  the  levator  ani  and  of  the 
bulbo-cavernosus  and  ischio-cavernosus  muscles. 

The  patient  is  no  longer  aware  of  the  passage  of 
urine  and  faecal  matter. 

Anaesthesia  affects  the  inner  part  of  the  buttock 
and  a  tract  down  the  posterior  surface  of  the  thigh, 
which    constitutes    the   area   of   the    third    sacral,    it 

reaches  the  perineal 
and  anal  region,  the 
penis,  the  lower  part  and 
posterior  surface  of  the 
scrotum  ;  the  root  of  the 
penis  and  a  portion  of 
its  dorsal  surface  as  well 
as  the  root  and  anterior 
surface  of  the  scrotum 
receive  fibres  from  the 
twelfth  dorsal  and  the 
first  lumbar,  and  are  not 
anxsthetic. 


320. 
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Fic;.  319. — Area  of  the  thinl 
sarral  root.  Lesion  of  the 
sacral  canal  at  the  level  of  the 
third  spinous  process. 

Fig.  320. — Area  of  the  thinl, 
fourth  and  fifth  sacral  roots. 
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CHAPTER  XXIII 

DIAGNOSIS  OF  THE  LESIONS  OF  THE  LUMBO 
SACRAL  PLEXUS 

The  only  important  diagnosis  to  be  studied  is  that  of  lumbo-sacral 
hematomyelia.  Indeed,  these  lesions  are  not  uncommon  in  injuries  of  the 
lumbar  region  :  wounds  from  bullets  or  shell  splinters,  fractures  of  the 

vertebral  column,  lumbar 
contusions;  they  may  even 
result  from  the  explosion  of 
a  shell  or  a  mine  close  at 
hand  ;  they  are  paralyses, 
probably  caused  by  compres- 
sion and  sudden  decompres- 
sion, and  accompanied  by 
slight  medullary  hemorrhage 
or  air-emboli. 

Hematomyelia  of  the 
lumbo-sacral  enlargement  has 
a  somewhat  analogous  symp- 
tomatology to  the  lesions 
of  the  plexus.  It  pro- 
duces flaccid  paralysis  accom- 
panied by  muscular  atrophy 
and  reaction  of  degeneration 
resulting  from  lesion  of  the 
cells  of  the  anterior  horns  of 
the  cord  ;  this  paralysis  is 
distributed  like  root  paralysis, 
for  each  motor  root  corre- 
sponds exactly  to  a  cord 
segment. 

As  a  result  oi   lesion   of 
the  posterior  horns,  they  are 
accompanied  by  sensory  disturbances,  the  topography  of  which  is  almost 
the  same  as  that  of  root  anxsthesia. 

Diagnosis,  however,  is  possible  as  a  rule. 

In  the  first  place,  it  depends  on  the  site  of  the  wound  ;  for  whereas 
the  Cauda  equina  descends  into  the  canal,  from  the  third  lumbar  vertebra 


Figs.  321  and  322.— Slight  hematomyelia  affecting 
chiefly  the  left  lumbar  segments  and  leaving 
untouched  the  sacral  segments.  Characterised 
mainly  by  anaesthesia  to  heat  and  cold  ;  thermal 
sensations  are  scarcely  perceived  at  all ;  but  cold 
and  pin-prick  cause  a  very  painful  sensation 
which  the  patient  compares  to  burning. 
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to   the  second  sacral,  the  lumbar  enlargement  of  the  cord   corresponds 
rather  to  the  first  and  second  lumbar  vertebrae. 

On  the  other  hand,  hematomyelia  as  a  rule  is  a  more  diffused  process, 
producing  a  topography  less  clearly  circumscribed  than  in  root  lesions. 
Paralysis,  like  anaesthesia,  is  not  often  restricted 
to  a  very  clearly  circumscribed  region,  it  en- 
croaches slightly  upon  the  neighbouring  regions, 
or  else  it  does  not  affect  certain  muscles  or  certain 
cutaneous  zones  in  the  attacked  region,  thus 
indicating  the  unequal  distribution  of  the  hemor- 
rhagic focus.  It  is  likewise  rather  rare  for  dis- 
turbances to  be  strictly  unilateral,  generally  there 
are  to  be  found  on  the  healthy  side  some  motor 
or  sensory  disturbances  showing  a  certain  degree 
of  bilateral  spread  of  the  hemorrhagic  process. 

'  inally  it  must  be  remembered  that  hema- 
tomyelia is  almost  always  localised  in  the  grey 
matter  of  the  cord  ;  it  attacks  chiefly  the  anterior 
and  posterior  horns  of  the  cord,  scarcely  touc'  ing 
at  all  the  layer  of  white  matter. 

Whilst  a  lesion  of  the  anterior  horns  is 
shown  by  the  flaccid  and  atrophic  paralysis 
which  always  indicates  lesion  of  the  lower  motor 
neurone,  a  lesion  of  the  posterior  horns  gives  rise 
to  a  very  important  and  wholly  characteristic 
symptom :  the  dissociation  of  sensibility.  In 
lumbar  hematomyelia  we  often  find  anxsthesia 
to  painful  and  thermal  stimuli  (posterior  horns) 
contrasting  with  the  relative  integrity  of  tactile 
sensibility  and  above  all  with  the  preservation 
of  deep  sensibility  (posterior  columns). 

The  clear  dissociation  of  sensibility,  as  in 
syringuinyelia  constitutes  a  pathognomonic  sign 
of  hematomyelia :  no  peripheral  or  root  lesion 
is  capable  of  producing  it. 

In  some  cases  we  may  observe  even  more 
systematised  dissociations.  For  instance,  we  may 
find  that  sensibility  to  pain  is  retained,  whereas 
sensibility  to  heat  and  cold  is  manifestly  lessened  ; 
frequently  heat  and  especially  cold  are  not  clearly 
perceived  but  give  rise  to  a  painful  sense  of  burning  instead. 

Lastly,  in  slight  cases  of  hematomyelia,  the  cord  lesion  may  reveal 
itself  simply  by  hyper-assthesia  to  pin-prick,  to  heat  and  to  cold,  thus 
causing  a  painful,  widely  diffused  and  persistent  sensation. 

The  prognosis  of  hematomyelia,  especially  of  slight  hematomyelia,  is 


Fig.  313. — Lumbar  hema- 
tomyelia. Hypu-xsthesia. 
On  the  right,  a  region 
resemblmg  the  distribu- 
tion of  the  lower  lumbar 
and  the  sami  roots.  On 
the  left,  ?  •■  ;ion  resem- 
bling the  'l-^cribution  of 
the  first  and  second  lum. 
bar,  and  of  the  fifth  lum- 
bar,  the  first  and  second 
sacral.  Dissociation  of 
sensibility.  Thermal  and 
painful  anxsthesia.  Rela- 
tive conservation  of  tac- 
tile sensibility  ;  almost 
complete  integrity  of 
sensibility  to  pressure  and 
of  the  other  deep  sensi- 
bilities. 
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generally  for  more  favourable  than  that  of  root  lesions.  In  a  few  months, 
even  sometimes  in  a  few  weeks,  we  see  a  progressive  diminution  of  the 
region  of  paralysis  and  anesthesia. 

Improvement  often  passes  on  to  complete  cure,  but  anasthesia  may 
persist,  or  even  more  commonly,  well-defined  paralysis. 
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PART   IV 
CONCLUSIONS 


CHAPTER  XXIV 

PROGNOSIS  AND  TREAMENT  OF  PERIPHERAL 
NERVE  LESIONS 

At  the  present  time,  basing  our  opinion  on  a  very  large  number  of 
observations  made  since  the  beginning  of  the  war,  we  are  justified  in 
affirming  that  the  prognosis  of  peripheral  nerve  lesions  is  on  the  whole 
favourable. 

Every  peripheral  nerve  affected  by  traumatism  tends  to  regenerate, 
provided  the  general  condition  of  th  patient  enables  him  to  contribute 
towards  this  restoration.  It  is  this  wonderful  aptitude  of  the  nerves 
towards  regeneration  by  fresh  shoots  from  the  axis-cylinders,  that  explains 
the  considerable  number  of  spontaneous  cures. 

Surgical  intervention  itself  has  no  other  aim  than  to  fovour  this  natural 
regeneration,  by  suppressing  the  obstacle  to  the  progress  of  the  nerve 
fibres  and  bringing  about  coaptation  of  the  segments  of  the  divided 
nerve,  i.e.  of  the  central  segment  containing  the  nerve  fibres  along  with 
the  peripheral  segment,  the  empty  sheaths  of  which  are  alone  capable  of 
guiding  the  axis-cylinders  in  their  regeneration. 

The  wide-spread  destruction  of  the  peripheral  nerves  is  also  reparable 
by  nerve  grafting  which  reconstructs  the  anatomical  continuity  of  the 
supporting  tissues,  the  conductor  of  the  regenerating  fibres. 

According  to  our  personal  statistics,  we  may  estimate  at  between  sixty 
and  seventy  per  cent,  approximately  the  number  of  spontaneous  regenera- 
tions without  surgical  intervention  ;  at  the  same  time,  there  are  a  certain 
number  of  these,  between  ten  and  twenty  per  cent.,  which  in  our  opinion 
would  have  gained  by  such  intervention  ;  a  simple  liberation  or  even  a 
nerve  suture,  if  performed  at  the  right  time,  would  in  .nil  probability  have 
permitted  of  a  more  rapid  and  complete  restoration. 

We  are  now  speaking  of  cases  in  which  the  neurological  examination, 
made  only  from  eight  to  ten  months  after  the  wound,  shows  a  ncive 
manifestly  to  be  on  the  way  to  recovery,  though  this  may  be  slow  and 
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incomplete  ;  naturally  in  such  cases  one  hesitates  to  have  recourse  to  any 
intervention  not  absolutely  necessary  and  which  would  compel  the  patient 
to  begin  all  over  again  the  regenerative  process  painfully  carried  through 
in  the  course  of  the  preceding  months.  After  all,  such  cases  should 
become  exceptional  if  the  neurological  examination  is  always  made  in 
good  time.  ' 

Consequently  those  cases  of  nerve  lesion  that  necessitate  surgical 
intervention,  whether  liberation  or  suture,  do  not  appear  to  be  more  than 
thirty  or  forty  per  cent. 

Results  naturally  vary  according  to  the  intervention  practised.  Still, 
we  may  lay  ,t  down  as  a  general  principle  that  the  liberation  of  a  nerve, 
when  this  IS  indicated,  should  always  be  successful ;  if  such  is  not  the 
case.  It  IS  because  resection  and  suture  were  necessary,  and  intervention 
should  be  resumed. 

The  results  of  nerve  suture  have  been  very  much  questioned  ;  to  us, 
however,  there  does  not  appear  to  be  any  doubt  at  all  on  the  matter. 
Nerve  suture  practised  under  favourable  conditions  almost  invariably 
succeeds.  Out  of  one  hundred  and  eight  .ases  of  nerve  suture  or  grafting 
which  we  have  been  able  to  follow  up,  there  are  only  fourteen  failures^ 
/.^  fourteen  cases  in  which  there  appears  no  sign  of  regeneration  of  the 
peripheral  segment ;  all  the  rest  are  on  the  way  to  a  more  or  less  rapid 
and  complete  regeneration,  and  consequently  warrant  us  in  looking 
forward  to  their  cure :  up  to  date  we  have  had  twenty-two  cases  of 
practically  complete  restoration.* 

Accordingly  we  may  estimate  at  from  twelve  to  fifteen  per  cent, 
approximately  (12-9  per  cent,  in  our  statistics)  the  cases  of  failure  after 
nerve  suture. 

We  must  add  that  the  statistics  here  given  do  not  deal  solely,  as  one 
might  think,  with  only  favourable  cases,  operated  on  at  the  right  time  and 
under  favourable  conditions,  but  with  «//the  cases  we  have  investigated 

i.arly  intervention  does  not  appear  to  be  an  indispensable  condition  ; 
we  have  witnessed  the  success  of  nerve  sutures  practised  thirteen  and 
fifteen  months  after  the  wound  ;  it  is  quite  possible  that  suture  might 
successfully  be  attempted  long  after  this  period.  Nevertheless,  there  can 
be  no  doubt  but  that  early  sutures  are  followed  by  more  rapid  regeneration. 

A  favourable  prognosis  for  peripheral  nerve  lesions  is,  as  we  see,  con- 
hrmed  by  these  figures.  More  than  half  the  patients  are  cured  spon- 
taneously  ;  almost  all  surgical  interventions  are  attended  with  success 

The  number  of  irreparable  nerve  wounds  would  certainly  appear  not 
to  exceed  from  eight  to  ten  per  cent,  j  either  because  surgical  intervention 
has  encountered  insuperable  difficulties  or  because  the  general  condition 
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of  the  patients  has  either  annulled  or  made  difficult  the  work  of  regenera- 
tion. Amongst  the  factors  contributing  to  failure,  mention  must  be  made 
of  alcoholism  ;  two  cases  of  nerve  suture  carried  out  under  the  best  of 
conditions  were  succeeded  by  no  sign  of  regeneration  whatsoever  in 
patients  manifestly  alcoholic. 

The  figures  we  have  cited,  more  particularly  the  proportion  of  successes 
registered  after  nerve  suture,  may  perhaps  seem  surprising.  They  are 
nevertheless  correct,  and  may  be  compared  with  those  of  other  neurological 
centres,  particularly  that  of  Professor  Dejerine  at  the  Salp^tricre. 

If  they  appear  to  clash  with  other  published  statistics,  we  affim  that 
this  is  because  people  are  always  too  precipitate  in  speaking  of  the  failure 
of  surgical  intervention.  It  must  not  be  forgotten  that  the  regeneration 
of  a  nerve  is  invariably  an  extremely  prolonged  task.  Under  the  most 
favourable  conditions,  and  in  the  case  of  young  patients,  the  progress  of 
the  axis-cylinders  is  not  more  than  one  to  two  millimetres  per  day  ;  the 
appearance  of  the  first  voluntary  movements  also  takes  place  long  after  the 
penetration  of  the  axis-cylinders  into  the  paralysed  muscle.  Consequently, 
to  affirm,  three,  four,  or  six  months  after  nerve  suture,  the  failure  of  inter- 
vention because  no  movement  shows  itself,  is  a  serious  error,  to  be  attri- 
buted to  nothing  else  than  impatience  on  the  part  either  of  the  observer 
or  of  the  patient ;  besides,  motor  restoration  is  invariably  the  most  tardy 
of  all. 

We  shall  realise  much  more  correctly  the  progress  made  if  we  try,  on 
the  contrary,  to  discover  the  sensory  signs  of  regeneration  ;  the  sensibility 
of  the  nerve  to  pressure  and  its  characteristic  formication,  the  sensibility 
of  muscular  bellies,  cutaneous  paresthesia,  etc. 

The  sign  of  formication  is  here  specially  important,  since  it  enables  us, 
after  a  few  weeks,  to  note  the  appearance  of  the  axis-cylinders  beyond  the 
suture,  and  to  follow  their  progressive  advance  in  the  peripheral  trunk. 
It  permits  not  only  the  observer  but  also  the  patient  to  follow  the  work  of 
restoration  step  by  step ;  it  proves  to  him  the  success  of  surgical  inter- 
vention, gives  him  confidence  and  patience,  and  thus  becomes  an  important 
moral  factor  in  the  cure. 


CHAPTER  XXV 

SURGICAL  TREATMENT 

I— INDICATIONS  FOR  OPERATION 

To  lay  down  the  indications  for  operation  is  assuredly  the  most  delicate 
problem  m  war  neurology. 

Apart  from  a  few  special  cases,  it  would  appear  as  though  we  ought 
to  reject  the  principle  of  prompt  and  systematic  intervention  for  every 
wound  of  the  peripheral  nerves. 

Indeed,  we  have  seen  that  the  majorrty  of  nerve  lesions,  about  sixty 
or  seventy  per  cent.,  were  susceptible  of  spontaneous  regeneration  ;  even 
the  diagnosis  of  complete  interruption  of  a  nerve  trunk  does  not  inevitably 
imply  the  necessity  of  intervention,  for  even  in  these  case*  sponttneous 
regeneration  is  often  possible. 

The  only  fact  which  necessarily  calls  for  intervention  is  the  absence 
of  regeneration  of  the  peripheral  segment,  or  else  the  defective,  difficult 
or  partial  character  of  the  regeneration. 

Consequently,  before  deciding  to  operate,  we  must  make  absolutely 
certain,  by  successive  examinations,  that  regeneration  is  either  not  taking 
place  at  all  or  ,s  progressing  badly.  It  is  scarcely  ever  possible  to  obtain 
such  certainty  in  less  than  two,  three  or  even  four  months  after  the  wound 

Besides,  as  we  have  already  seen,  this  delay  as  a  rule  is  in  no  way 
prejudicial  to  the  success  of  intervention. 

Manifestly  this  recommendation  must  not  be  accepted  as  absolute  • 
there  are  cases  in  which  prompt  operation  is  necessary,  especially  in  simple 
compression  and  severe  neuritis. 

I. -TIME  OF  INTERVENTION 

We  discovered  that  two  or  three  months  at  least  were  often  necessary 
to  establish  the  necessity  of  intervention. 

On  the  other  hand,  an  operation  must  be  carried  out  as  soon  as 
possible,  once  its  necessity  has  been  recognised. 

Regeneration  is  assuredly  more  rapid  and  easy  when  the  operation  is 
not  delayed  too  long. 

Still,  it  must  not  be  forgotten  that,  even  twelve  or  fifteen  months  after 
nerve  interruption,  suture  may  be  performed  successfully. 
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II.-CHOICE  OF   INTERVENTION 

Ai  clinical  rcMona  alone  can  indicate  the  necessity  of  intervention,  to 
it  ii  mainly  by  a  clinical  examination  that  the  nature  of  the  intervention 
will  be  decided. 

No  intervention  must  take  place  until  we  have  obtained  every  item  of 
clinical  information  to  prove  the  existence  of  complete  interruption  or 
simple  compression,  of  a  total  lesion  or  a  partial  change,  of  regeneration 
that  is  non-existent  or  is  simply  difficult  to  effect. 

Assuredly  this  clinical  information  will  not  always  suffice  in  deciding 
upon  a  suture  or  a  liberation }  account  must  naturally  be  taken  of  the 
lesions  encountered  during  intervention  as  well  as  of  operative  possi- 
bilities; though  clinical  reasons  above  all  others  are  the  most  important. 
A  thorough  preliminary  examination,  or  rather  a  series  of  minute  examina- 
tions, almost  invariably  enable  one  to  decide  upon  the  kind  of  intervention 
necessary. 


Moreover,  '  formation  given  by  the  anatomical  state  of  the  nerve  is 
often  somewhat  difficult  to  interpret. 

Evidently  no  hesitation  will  be  felt  in  the  presence  of  a  complete 
section,  of  a  particularly  dense  nerve  cicatrix  or  of  bulky  neuromata. 

It  must  always  be  remembered  that  all  neuromatous  formations  imply 
the  existence  of  an  obstacle,  above  which  the  regenerated  fibres,  unable  to 
reach  the  peripheral  segment,  shrivel  up.  It  is  therefore  always  necessary 
to  remove  the  obstacle  by  liberation  if  it  is  external  to  the  nerve  and  by 
resection  if  it  is  interstitial. 

In  many  cases,  however,  less  clearly  characterised,  anatomical  examina- 
tion of  the  nerve  is  not  sufficient  to  solve  the  problem. 

Indeed,  it  is  a  matter  of  absolute  importance  to  find  out  if  there  is 
simple  extrinsic  compression  or  an  interstitial  obstacle  ;  if  the  lesion  has 
destroyed  the  continuity  of  the  nerve  fibres  or  has  changed  them  locally  ; 
if  the  obstacle  is  permeable  or  not  to  the  regenerating  nerve  fibres.  This 
information  cannot  be  supplied  by  anything  but  a  clinical  examination. 

In  this  connection,  however,  the  electrical  and  histological  examina- 
tion of  the  nerve,  exposed  during  the  operation,  has  been  recommended. 

Direct  electrical  examination  of  the  nerve  trunk  has  been  carried  out 
by  P.  Marie,  H.  Meige,  and  Gosset  by  using  a  small  sterilisable  metallic 
electrode  *  which  allows  of  separate  excitation  of  the  different  fasciculi  of 
the  nerve  above  and  below  the  lesion.  We  may  thus  ascertain  if  these 
fasciculi  have  remained  excitable. 

Evidently  this  method  is  capable  of  affording  very  important  informa- 
tion, though  of  itself  alone  it  is  insufficient.  It  proves  very  clearly  that 
certain  fasciculi,  or  even  the  entire  nerv.  have  not  been  touched  by  the 

•  Pierre  Mirie,  BuJI,  di  FAcaJ,  Ji  Mid.,  mcctini;  of  9  February,  1915, 
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lewon  ,  in  aiUition,  it  hu  undoubted  value  by  rcaton  of  the  positive 
information  it  gives.  The  negative  inrormatiun,  howeier,  has  not  the 
same  value  j  electrical  stimulation  of  the  nerve  shows  no  reaction  what- 
soever and  consequently  has  no  value  at  all  if  it  acts  upon  sensory  faxiculi 
or  upon  motor  fasciculi  in  course  of  regeneration.  We  cannot  therefore 
conclude,  because  a  nerve  or  a  nerve  fasciculus  is  incapable  of  being 
excited,  that  it  is  not  in  course  of  spontanec'js  regeneration  j  electrical 
excitability  of  the  nerve  is  as  we  know,  one  of  the  most  tardy  signs  of 
regeneration ;  the  sensibility  of  the  nerve  to  pressure,  formication,  tht 
return  of  tone,  the  appearance  of  paiamhesia  are  earlier  signs.  Thus,  by 
taking  account  only  of  electrical  inexcitability,  we  should  run  the  risk  of 
resecting  and  suturing  healthy  sensory  faxiculi  and  motor  fiuciculi,  well 
advanced  in  regeneration. 

Histological  examination  of  the  nerve,  by  an  actual  operative  biopsis 
ha.  been  recommended  by  A.  Sicard.'  This  method  consists  in  removing 
«  few  particles  of  nerve  tissue  from  the  peripheral  segment  below  the 
lesion  and  there  trying  to  diKovcr,  from  rapid  staining  with  oamic  acid, 
the  existence  of  myeliniscd  nerve  fibres. 

This  method  is  far  more  questionable  even  than  the  former : 

1.  The  existence  of  nerve  fibres  in  the  examined  fragments  does  not 
prove  that  the  other  fasciculi  of  the  nerve  are  in  the  same  condition  j  the 
absence  of  fibres  in  the  fasciculus  examined  is  no  proof  that  the  other 
fasciculi  are  also  affected. 

2.  Staining  with  osmic  acid  reveals  only  myelinised  fibres ;  now  the 
young  fibres  in  course  of  regeneration  consist,  at  the  outset,  of  the  axis. 
cylinder  alone. 

3.  It  is  to  be  regretted  that  wc  cannot  obtain  any  certainty  of  the 
integrity  of  a  nerve  fasciculus  except  by  subjecting  it  to  the  traumatism  of 
a  biopsis  and  suppressing  some  of  its  fibres. 

As  regards  the  process  of  injecting  methylene-blue  into  or  above  the 
neuroma,  in  order  to  demonstrate  its  permeability  to  the  axis-cylinders, 
this  would  seem  to  be  a  very  doubtful  course  to  adopt. 


II.-SURGICAL  INTERVENTIONS 

There  are  but  three  interventions  possible  on  a  nerve  trunk  : 
Liberation ; 
Suture ; 
Grafting. 

I.  Liberation.— Liberation  consists  essentially  in  dissection  of  the  nerve 
and  in  ablation  of  the  causes  of  compression,  bony  callus,  fibrous  tissue  or 
cicatricial  bands. 

The  operation  is  a  very  delicate  one,  and  is  really  satisfactory  only  if 

•  A.  Sicard,  imbert.  Jourd.n,  ud  Ca.taii.1,  ^«/  J,  M/J.,  rnKting  of  16  F.bru.ry,  1915. 
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we  fuccecd  in  completely  (tripping  btre  the  nerve  cord  and  liberating 
ftom  ail  adhesion*  the  delicate  neurilemma  thcath  surrounding  it. 

This  intervention  i*  really  permimble  only  when  it  restores  a  mobile, 
free  and  supple  nerve,  in  the  interior  of  which  there  is  found  no  obstacle 
to  regeneration. 

It  is  naturally  indicated  in  all  caies  of  simple  compression :  it  may  be 
practised  in  cases  of  ordinary  neuritis.  Its  success  is  all  the  more  likely 
when  intervention  is  prompt. 

As  a  rule,  liberation  of  the  nerve  is  ineffective  in  cases  of  severe  lesions 
of  the  nerve  trunk  along  with  rupture  of  the  laminated  sheath,  cicatricial 
nerve  keloid  and  formation  of  exuberant  neuromata ;  in  these  cases,  either 
ihe  cicatricial  obstacle  is  permeable  to  the  regenerating  axis-cylinders  and 
intervention  is  then  ukIcss,  or  else  the  obsude  does  not  allow  of  the 
passage  of  the  axis-cylinders  and  liberation  will  not  make  it  permeable. 

Seldom  does  liberation  succeed  in  severe  and  long-fttanding  cases  of 
neuritis.  Almost  always  in  such  cases  there  are  interstitial  lesions  of  the 
nerve,  and  on  these  liberation  has  no  effect. 

In  all  doubtful  cases,  remember  that  a  g»»d  cmplttt  suture  1$  far  hiUtr 
than  a  had  lihtrat'un. 

2.  latut. — Nerve  suture  is  indicated  in  all  cases  of  complete  inter- 
ruption of  nerve  fibres  where  no  satisfactory  regeneration  has  taken  plact 

There  is  but  one  way  of  suturing  a  nerve  trunk,  and  that  is  by 
bringing  into  conuct  the  healthy  extremities  of  the  interrupted  nerve 
trunk  and  sewing  them  md  it  end. 

Suture,  then,  essentially  presupposes  resection  of  the  cicatricial  obsucle 
and  of  all  tissues  which  might  impede  the  progress  of  the  axis-cylinders. 

We  should  bring  into  conuct  with  each  other  a  central  end,  conttining 
healthy  and  regularly  arranged  axis-cylinders,  and  a  peripheral  end,  offering 
for  the  growth  of  nerve  fibres  supple  and  readily  permeable  sheaths. 

Any  suture  that  does  not  fulfil  these  conditions  is  defective  and  almost 
invariably  condemned  to  failure.  All  the  same,  if  necessary,  we  may 
sew  a  supple  peripheral  segment  on  to  a  neuroma  richly  supplied  with 
axis-cylinders;  but  we  risk  serious  disturbances  in  the  arrangement  of 
the  nerve  fasciculi,  the  systematisation  of  which  is  thus  left  to  chance. 

On  the  other  hand,  by  suturing  the  two  healthy  segments,  //  we  very 
carefully  avoid  all  torsion  of  the  nerve^  we  put  exactly  in  their  right  places 
the  different  motor  and  sensory  fasciculi  and  do  away  with  all  risk  of 
defective  regeneration. 

Such  a  suture  almost  invariably  involves  considerable  shortening  of  the 
nerve,  a  process  which  we  shall  be  able  to  assist  by  flexion  of  the  neigh- 
bouring articulations,  as  indicated  by  Delorme. 

The  most  effective  suture  is  that  which  produces  the  best  contact  with 
a  minimum  of  traumatism  for  the  nerve  trunk.  Speaking  generally,  it  is 
better  to  content  oneself  with  a  few  stitches— silk  or  linen  thread  or  even 
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e»igut-im«fted  in  the  neurilcmRu.*  If  the  suture  it  tight  ami  we  m 
compelled  to  go  through  the  iier*e,  it  it  preferahle  to  um  only  catgut, 
wrong  enough  not  to  tear  and  readily  reabwrbable  to  at  to  leave  no 
clement  of  irritation  in  the  middle  of  the  axi*<ylinden>. 

Ai  a  rule,  there  it  no  occasion  to  dread  secondary  rupture  after  nerve 
suture.  By  experiments  made  on  animals,  we  know  that  union  of  the 
central  and  peripheral  segments  is  extremely  rapid,  owing  to  the  prolifera- 
twn  of  the  neuroglial  cells ,  it  appears  to  take  place  from  the  fourth  day 
onwards  (Dustin).  ' 

Lastly,  suture  must  ensure  simple  coaptation  between  the  segments 
which  It  unites;  a  tight  suture  which  crushes  against  each  other  the 
shrivelled  nerve  extremities  exposes  the  axis^ylinders  to  the  risk  of  going 
aatray  (Nageotte).  Rather  than  incur  this  risk,  it  is  better  to  leave  between 
the  segments  a  space  of  one  or  even  two  millimetres,  easily  filled  in  by  the 
neuroglial  proliferation.  ' 

Suture  as  thus  interpreted  is  certainly  the  best  operation  for  all  serious 
nerve  lesions  in  which,  along  with  an  almost  or  wholly  complete  inter- 
ruption, there  exists  an  obsucle  to  regeneration. 

In  our  opinion,  it  may  even  be  recommended  in  certain  cases  of  grave 
neuritis  from  interstititial  lesions,  hemorrhages  or  fibrous  infiltration.  In 
these  cases  it  is  better  to  run  the  risks  of  suture  than  to  see  the  evolution 
and  prolongation— in  spite  of  a  liberation,  which,  after  all,  is  never  efRca- 
cious— of  fibrous  contractions  and  trophic  disturbances  which  are  so  difficult 
to  cure. 

S.  Varrt  gnftiaf .— When  the  disunce  between  the  segments  of  the 
nerve  trunk  is  too  great  to  permit  of  direct  suture,  tht  w/y  Ugitimalf 
»p*rati»H  is  ntrv*  grafting,  as  recommended  by  J.  and  A.  Dejer..  •  and 
Mouzon. 

This  consists  in  uniting  the  segments  of  the  interrupted  nerve  by  the 
interposition  of  fragments  removed  from  a  sensory  nerve.  The  musculo- 
cutaneous, which  to  a  considerable  length  may  be  removed  from  the  leg, 
is  the  nerve  to  which  preference  is  given. 

One,  two,  or  more  of  these  fragments,  united  in  a  bundle  by  catgut 
passed  through  them,  are  sewn  on  both  sides  to  the  central  and  peripheral 
segments.  Regeneration  would  seem  to  take  place  through  the  graft  some- 
what more  slowly  than,  though  almost  as  effectively  as,  by  direct  suture. 

All  other  grafting  processes  are  more  or  less  defective. 

Suture  by  division  into  two  is  inevitably  partial,  since  it  suppresses  part 
of  the  nerve.  In  any  case,  if  this  suture  is  practised,  it  is  always  the 
peripheral  segment  which  must  be  divided.  Division  of  the  central  end 
should  be  altogether  condemned,  since  it  ineviwbly  interrupts  half  of  the 
axis-cylinders.  The  divided  fragment  also  should  be  completely  detached 
and  sewn  end  to  end  with  the  two  segments  of  the  interrupted  nerve. 

*  Catfut  ihoulil  be  uwd  cxcluiivcly  in  urv*  »!»(. — (Eil.) 
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Fwudo-Kraftingi  by  interpMJiion  between  the  nervt  legmentt  of  tome 
tendon  fibre*,  fragmcntt  of  aponeurotic  sheatht,  catgut  threads  intended 
to  mve  ai  conducting  wirm(^  are  wholly  illogical  and  inavitably  con- 
demned  to  (nilun. 

Thfrt  it  ntthing  hut  ntrvt  thine  that  <an  ttrv*  ui  «  ($ndtutirfir  regtHtrat' 
lug  axii-<yl'mJfri. 

OtfaeUT*  opantlou.— Ail  that  we  have  Mid  about  the  nuin  principle* 
of  nerve  regeneration  is  sufficient  to  show  how  illogical  and  ineffective  are 
certain  method*  once  strongly  recommended. 

All  lateral  sutures  must  be  condemned  that  do  not  make  continuous 
the  axis^ylindcnt  of  the  central  end  and  the  empty  sheaths  of  the  peri- 
pheral end  I  lateral  implanutions,  sutures  by  division  into  two  of  the 
upper  segment,  transplantations  of  one  nerve  into  the  other,  and  more 
especially  transplantations  of  a  motor  nerve  into  a  sensory  one  are  almost 
always  useless  and  often  mixhievous  operations. 

We  must  condemn  the  ablation  of  the  lateral  neuromata ;  such  inter- 
vention is  purposeless  since  it  merely  removes  the  extremity  of  the 
regenerating  nerve  fibres  above  an  interruption  without  supplying  a  guiding 
channel  for  these  fibres ,  the  removed  lateral  neuroma  will  inevitably  form 
again  on  the  same  spot,  as  docs  a  neuroma  in  the  case  of  an  amputation. 

"  Combing  "  of  the  nerve  must  also  be  condemned  j  it  neither  liberates 
nor  restores  anything  but  merely  effects  a  chance  division  into  sections  of 
a  few  nerve  fibres,  the  regeneration  of  which  thus  becomes  a  matter  of 
uncertainty.  The  only  "combing"  which  can  be  advocated  in  some 
cases  is  the  longitudinal  incision  of  the  sheath  at  the  level  of  the  interstitial 
hematomata  occasionally  found  in  cases  of  violent  contusion. 

PutUl  operattou.— For  partial  lesions  lw>wever,  we  are  sometimes 
led  to  practise  partial  operations.  For  instance,  we  may  simply  suture 
an  interrupted  bundle  of  a  partially  untouched  nerve.  Moreover,  such 
interventions  can  only  be  made  on  the  big  nerve  trunks. 

They  may  be  effected  by  cleavage  of  the  nerve  ;  its  untouched  part 
is  bent  back  loop-fashion  to  allow  of  direct  suture  of  the  segments  shortened 
by  removal. 

In  these  cases  it  is  better,  when  reuniting  the  cut  bundle,  to  have 
recourse  to  grafting,  except  in  the  case  of  the  big  nerve  trunks,  such  as 
the  sciatic. 


lioktion  of  the  nerrei.— Care  must  be  taken  lest  liberated  or  sutured 
nerves  should  again  be  embedded  and  compressed  by  the  fibrous  tissue  of 
the  scar.     Several  methods  of  preventing  this  have  been  recommended. 

Isolation  of  the  nerve  by  an  aponeurotic  flap,  a  muscular  bed,  a  fatty 
covering,  has  been  propoK-d  ;  catgut  has  been  rolled  round  the  iicrve  ;  it 
has  been  enveloped  in  a  peritoneal  flap  or  a  layer  of  amnion  ;  attempts 
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have  even  been  made  to  wrap  round  it  a  thin  sheet  of  aluminium  or  of 
rubber  ;  the  two  united  fragments  have  been  brought  into  a  segment  of  a 
vein  or  an  artery  ;  a  few  ,lrops  of  gomenol  have  been  injected  around  the 
nerve.  ,  .  . 

In  our  opinion,  these  practices  are  almost  always  useless,  and 
even  harmful  in  many  cases,  especially  as  regards  the  use  of  foreign 
bodies. 

It  must  be  well  understood  that  the  laying  bare  of  the  nerve  to  a 
considerable  extent  and  the  rolling  round  it  of  an  isc'iting  plate  of  any 
kind  involves  the  risk  of  diminishing  vascularisation  from  the  surrounding 
tissues  and  thus  compromising  regeneration. 

If  we  would  rightly  endeavour  to  do  away  with  cicatricial  fibrous 
formations  round  the  nerve,  we  must  not  forget  that  fibrous  tissue  may 
develop  at  the  expense  of  all  the  tissues ;  muscle,  fat,  peritoneum,  amnion 
are  Jis  likely  to  be  transformed  into  cicatricial  tissue  as  the  connective 
tissue  itself. 

We  give  it  as  our  opinion,  therefore,  that  none  of  these  practices, 
speaking  generally,  arc  to  be  adopted.  There  is  but  one  exception  to 
this  rule,  and  that  is  when  the  liberated  or  sutured  nerve  happens  to  be 
in  contact  with  bony  or  periosteal  surfaces  capable  of  involving  it 
secondarily  ;  the  most  frequent  instance  is  that  of  the  musculo-spiral 
liberated  from  the  callus  of  a  fractured  humerus. 

In  these  cases  we  can  and  ought  to  effect  isolation  of  the  nerve  in  the 
vicinity  of  callus  or  a  bony  projection  ;  the  best  method  is  certainly  the 
interposition  of  a  muscular — or  better  still  a  fatty — layer. 

But  in  all  other  cases  we  look  upon  these  proceedings  as  both  useless 
and  harmful. 

The  best  means  of  avoiding  cicatricial  fibrous  formations  is  : 

1.  To  avoid  operating  in  a  septic  area;  a  nerve  operation,  as  for  as 
possible,  should  take  place  only  after  complete  cicatrisation  of  the  wound 
and  when  all  inflammatory  reaction  is  at  an  end. 

2.  To  make  a  very  careful  hemostasis,  blood  infiltration  being  one  of 
the  main  factors  in  secondary  fibrous  formations. 

3.  To  practise  mobilisation  and  massage  of  the  cicatrix  very  carefully 
and  in  good  time. 

Alooholiiation  of  nerve  tinnln  (Sicard).— The  failure  of  all  kinds  of 
treatment  and  the  continuance  of  intolerable  pain  in  certain  case-  of 
severe  neuritis,  more  especially  in  causalgia,  have  led  certain  authorities  to 
attempt  the  physiological  interruption  of  the  nerve. 

In  several  cases,  resection  and  suture  of  the  nerve  have  been  practised. 
This  succeeds  quite  well  in  serious  cases  of  neuritis  complicated  with 
trophic  disturbances,  though  failure  has  resulted  in  cases  of  causalgia ;  the 
painful  nerve  recovers  with  extreme  rapidity,  and  the  causalgic  syndrome 
usually  reappears  after  a  few  weeks. 
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Sicard  •  has  recommended  alcoholisatiori  of  the  nerve  trunks,  effected 
by  injecting  above  the  lesion  a  solution  of  sixty  per  cent,  alcohol.  This 
injection  of  one  to  two  cubic  centimetres  is  made  in  the  nerve  itself,  after 
surgical  exposure. 

There  is  thus  producrJ  L,  !oc-.'  neuritis  a  physiological  interruption 
of  the  nerve,  which,  ace  .  ing  to  bnan?,  v  ,-ald  often  appear  to  reach  only 
the  more  fragile  sensory  librc ,.  Sicr.rd,  Pf'  ns,  Grinda,  Godlewski,  Benott, 
and  Morel  state  that  tht    h.-ve  been  succ  isfiil  with  this  method. 

Denndfttion  of  the  urteriet  (Leriche).— For  the  treatment  of  causalgia, 
Leriche  f  advocated  arterial  denudation  and  resection  of  the  perivascular 
sympathetic  plexus. 

This  operation  is  based  on  the  special  nature  of  the  pain  in  causalgia, 
which  is  attributed  to  irritation  of  the  sympathetic  twigs  supplied  by  the 
nerve  to  the  neighbouring  artery,  or  else  supplied  to  the  nerve  by  the 
periarterial  sympathetic  plexus. 

Causalgic  symptoms  would  appear  to  be  largely  sympathetic  in  their 
nature,  although  the  interpretation  of  these  symptoms  is  probably  some- 
what complex. 

We  rather  think  there  exists  sympathetic  irritation  of  a  rf/fx  nature, 
for  we  have  found  such  irritation  extend  over  almost  the  entire  region  of 
the  cervico-dorsal  sympathetic,  even  in  the  case  of  lesion  of  the  median  at 
the  wrist  (pain  over  the  entire  area  of  the  median,  constriction  of  the 
brachial  artery,  diminution  of  the  pulse,  numbness  of  the  lower  part  of 
the  face,  and  diminution  of  sweating  at  this  level,  intermittent  redness 
of  ear  on  the  affected  side,  etc.). 

Under  these  conditions  resection  of  the  sympathetic  plexuses  which 
surround  the  brachial  artery  would  result  in  the  suppression  of  the 
reflex  reactions  of  the  sympathetic  which  give  neuralgia  its  distinctive 
characteristics. 

At  all  events,  this  procedure  has  given  some  results  in  obstinate  cases. 
The  same  intervention  has  been  proposed  for  the  femoral  artery  in 
causalgia  of  the  lower  limb. 

Sicaril,  Prme  MeJUale,  I  Junr,  1916. 
t  R.  Lcricht,  Prttst  Mt'Jiculr,  lo  April,  1916. 


CHAPTER  XXVI 
ELECTRICAL  TREATMENT 

Electrical  treatment  may  fulfill  three  main  indications  ;  it  may  : 

1.  Maintain  contractility  of  the  paralysed  muscles. 

2.  Accelerate  regeneration. 

3.  Soothe  the  pain. 

I.  The  principal  rAle  of  electrical  treatment  in  paralysis  is  to  maintain 
contractility  of  the  paralysed  muscle  until  voluntary  contraction  returns. 
The  passing  of  the  current  attains  this  object  by  artificially  bringing  about 
contraction  of  the  muscle. 

The  current  to  be  used,  therefore,  is  tha-  which  will  most  readily  and 
with  least  intensity  produce  muscular  contraction. 

In  case  of  reaction  of  degeneration,  the  muscle  is  capable  of  being  excited 
only  by  the  galvanic  current.  There  is  polar  inversion  at  the  motor  point } 
at  this  point,  then,  the  positive  pole  would  give  the  best  contraction  with 
the  least  intensity.  On  the  other  hand,  however,  longitudinal  excitation 
is  invariably  greater  than  excitation  tlirough  the  motor  point ;  it  is  almost 
always  stronger  at  the  negative  pole.  Practically,  then,  longitudinal  excitation 
by  the  negative  pole  will  be  used  to  bring  about  contraction  of  the 
muscle.  The  galvanic  current  causes  contraction  only  at  the  closing  and 
the  opening  of  the  current,  consequently  a  rhythmic  current  will  be 
utilised,  one  capable  of  producing  somewhat  slow  interruptions  (metronome 
or  unduiatory). 

We  have  seen  that  the  gradual  application  of  the  current  did  not 
lessen  its  action  on  the  paralysed  muscles,  whereas  it  suppressed  the 
excitation  of  the  healthy  antagonistic  muscles.  Besides,  it  is  less  painful 
than  the  sudden  application  of  the  current,  and  permits  of  greater  intensities 
being  utilised  without  pain.  Consequently  it  will  be  a  good  thing  always 
to  effect  this  gradual  application,  either  by  employing  condensers  set  in 
series  (Lapique)  or  by  the  use  of  metallic  undulators. 

Thus  a  gentle  and  easily  borne  contraction  will  be  obtained,  limited 
almost  exclusively  to  the  paralysed  muscles  and  not  diffused  into  the 
healthy  antagonistic  muscles. 


If  there  is  no  RD,  the  muscle  can  be  excited  by  the  faradic  current ; 
once  the  muscular  groups  can  be  contracted  under  the  faradic  current,  we 
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shall  be  able,  with  a  moderate  intensity,  to  utilise  this  current  in  effecting 
contraction. 

First  we  shall  utilise  the  brief  contractions,  caused  by  the  coil  interrupter ; 
then  later  we  shall  have  recourse  to  interrupted  tetanisation,  set  to  rhythm 
by  the  metronome,  or,  better  still,  by  an  undulator,  though  always  to  a  very 
slow  beat. 

In  any  case,  whether  muscular  contraction  is  caused  by  the  galvanic  or 
by  the  faradic  current,  only  a  moderate  effort  must  be  required  from  the 
paralysed  muscle.  As  a  rule,  a  few  daily  contractions  are  sufficient ;  care 
must  be  token  not  to  overwork  a  muscle  disturbed  in  iis  nutrition, 
which  would  react  by  atrophy  to  an  electrical  treatment  which  is  too 
strong. 

a.  The  simple  passing  of  the  electric  current  appears  capable  of 
hastening  the  regeneration  of  the  nerve,  maintaining  the  nutritiin  of  the 
tissues  and  facilitating  the  resolution  of  the  cicatricial  fibrous  tissues. 

For  this  purpose,  the  galvanic  current,  with  negative  pole  and  of 
moderate  intensity,  about  ten  or  fifteen  milliamperes,  is  generally  em- 
ployed. Consequently  a  simple  galvanic  bath,  lasting  from  fifteen  to 
twenty  minutes,  can  be  made  to  precede  the  few  rhythmic  excitations 
intended  to  maintain  its  contractility. 

Mention  must  also  be  made  of  the  favourable  influence  of  the  faradic 
current  of  feeble  intensity,  produced  by  stout  wire  coils.  This  current 
produces  phenomena  of  vaso-constriction  followed  by  intense,  deep  vaso- 
dilatetion  and  appearing  extremely  favourable  to  the  nutrition  of  the 
tissues  as  well  as  to  regeneration. 

The  rhythmic  ferad-c  bath  is  particularly  useful  in  the  treatment  of 
cicatricial   contra'  'f  muscular  fibrous    infiltrations,  of  cutaneous 

adhesions  and  of  i.  lar  fibrous  ankyloses  produced  by  neurites,  as 

well  as  of  contractioi        ..u  nerve  irritation. 

We  may  advantageously  bring  about  the  association  of  the  galvanic 
and  faradic  currents  under  the  galvano-faradic  form;  this  association 
allows  of  excitation  of  the  paralysed  muscle  whilst  avoiding  its  fibrous 
transformation  ;  it  is  by  far  the  best  treatment  for  muscular  atrophy. 

3.  The  galvanic  current  is  a  wonderful  pain-allaying  sedative,  thous^h 
this  property  is  possessed  only  by  the  positive  pole.  The  negative  pote, 
on  the  other  hand,  is  an  excitant. 

This  current  is  utilised  most  frequently  in  the  form  of  positive  pole 
galvanic  baths,  with  isities  varying,  according  to  the  case,  from  five, 

ten,  twenty,  or  even  twenty-five  milliamperes. 

Better  results  are  "equently  obtained  from  prr'onged  baths  of  extremely 
feeble  intensity  ;  for  istance,  with  three  and  four  milliamperes  lasting 
several  hours  we  have  obtained  sedative  results  thai  shorter  baths  of  greater 
intensity  could  not  have  given. 


loniiation.— Salicylated  or  iodised  ionization  has  been  employed  with 
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widely  varying  results  in  the  treatment  of  neuritic  pains  and   fibrous 
formations. 

Some  good  results  have  been  obtained  by  ionization  (i%  KI  solution, 
negative  pole)  recommended  by  Bourguignon.  The  diminution  of  pain 
effected  is  sometimes  remarkable,  though  inconstant  and  often  fleeting ; 
the  lessening  of  fibrous  ^i^i  and  muscular  contractions  is  a  more  constant 
result. 

IMathermjr.— Diathermy  may  also  be  serviceable  in  painful  and  sclerosing 
neuritis,  and  in  states  of  ischxmia  accompanied  by  fibrous  transformation. 

E*diother»py.— Radiotherapy  is  often  very  useful  in  the  treatment  of 
painful  neuritis.  The  results  we  have  obtained  confirm  the  statistics 
published  by  Cestan  and  Dcscamps  ;  •  though  in  our  opinion  radiotherapy 
has  acted  rather  upon  violent  neuralgias  of  a  causalgic  typ«  than  upon  the 
duller  pains  of  nerve  irritation.  We  have  seen  cures  effected  more 
especially  in  several  cases  of  causalgia  of  the  median  nerve  ;  though 
frequently  the  violent  painful  paroxysms  alone  have  disappeared  whilst 
the  dull  pains  continued. 

Improvement  is  sometimes  shown  after  the  first  treatment ;  in  other 
cases,  it  appears  only  ofter  seven  or  eight  treatments. 

It  is  r  rare  occurrence  to  find  a  momentary  recrudescence  of  the  pain, 
a  possibility  of  which  the  patient  must  be  warned. 

Radiotherapy  may  take  place  either  on  the  nerve  lesion  itself  and  the 
course  of  the  affected  nerve  or  on  the  roots  and  spinal  ganglia  which 
supply  the  nerve.  On  this  point  we  are  unable  to  afford  any  precise 
indication,  for  each  of  these  methods  has  given  favourable  results  after  the 
other  has  ''"iled. 

It  is  jable  that  radiotherapy  applied  to  the  lesion  acts  on  the 
inflammatory  element  in  the  nerve,  interstitial  infiltration  and  connective 
tissue  proliferation  caused  by  irritation  ;  radiotherapy  applied  to  the  ganglia 
and  roots  would  seem  to  be  indicated  when  the  pain  results  from  the  state 
of  reflex  hyper-excitability  of  the  ganglion  cells  which  appears  to  be  present 
in  causalgia. 

MECHANOTHERAPY- MASSAGE— GYMNASTICS-PROSTHESIS 

However  great  the  therapeutical  resources  of  electricity  in  all  its  forms, 
we  must  not  forget  that  massage  and  mechanotherapy  are  absolutely 
necessary  to  supplement  them. 

To  maintain  the  contractility  of  a  paralysed  muscle,  to  prevent  its 
fibrous  transformation,  massage  is  perhaps  as  important  as  electrotherapy. 
Daily  massage  should  be  given  to  every  paralysed  muscle. 

•  R.  C«tan  and   DcicampB.     Radiotherapy  in  the  treatment  of  certain  traumatic  letioni  of 
the  nervom  lyttem.     frmr  A&'rf/M/f,  25  November,  1915. 
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A  firtim  massage  is  indispensable  in  nerve  irritations  that  have  a 
tendency  to  fibrous  contraction  of  the  muscle,  to  cutaneous  adhesions  and 
to  articular  sclerosis ;  it  must  be  given  in  spite  of  the  pain,  unless  this 
latter  is  really  intolerable.  The  same  may  be  said  of  mobilisation  which 
should  be  practised  daily  in  cases  of  neuritis  accompanied  by  a  tendency  to 
fibrous  ankylosis.  A  great  number  of  neuritic  griffes,  of  articular  fibrous 
ankyloses  and  muscular  contractions  might  easily  be  avoided  by  daily 
mobilisation. 

In  cases  of  neuritis  both  massage  and  mobilisation  are  invariably  more 
easy  and  efficacious  as  well  as  less  painful  after  the  limb  has  been  subjected 
to  a  hot  bath,  or  better  still,  a  hot  bath  and  faradic  current  combined. 

In  addition  to  the  passive  mechanotherapy  represented  by  massage  and 
mobilisation,  we  must  also  insist  on  the  importance  of  the  active  mechano- 
therapy effected  by  gymnastics. 

This  latter  also  maintains  the  contractility  and  nutrition  ot  the  paralysed 
muscles ;  it  helps  forward  a  return  of  the  earliest  movements  after  regene- 
ration ;  it  facilitates  and  provokes  the  important  substitutionary  movements 
in  the  case  of  par?!ysed  muscles ;  it  mobilises  the  articulations  and  integu- 
ments. * 

Gymnastics  of  the  wounded  limbs,  in  every  form,  both  general  and 
particular,  is  thus  of  the  utmost  importance.  One  must  have  witnessed 
the  disastrous  results  of  prolonged  immobilisation  in  cases  of  peripheral 
paralysis  and  neuritis  to  understand  the  supreme  importance  of  active 
movements.  Inactivity  of  the  wounded  limbs  and  moral  inertia  of  the 
patient  form  the  main  cause  of  the  irreducible  deformifes,  the  neuritic 
contractions,  the  functional  paralyses  that  accc-pany  or  follow  organic 
paralyses. 

Finally,  it  is  often  necessary  to  make  use  of  appliances  of  an  elementary 
prosthetic  nature,  both  in  order  to  keep  the  limb  in  its  right  place  and  to 
permit  of  its  being  used  in  a  normal  fashion  ;  this  is  principally  the  case 
with  apparatus  intended  to  correct  flexion  of  the  hand  in  musculo-spiral 
paralysis  and  also  steppage  in  paralysis  of  the  external  popliteal.  Other 
appliances  have  as  their  object  the  avoidance  of  fibrous  contractions  and 
of  the  appearance  oi  griffa. 

All  these  appliances  should  be  removable  without  any  difficulty  ;  they 
may  readily  be  improvised  with  the  aid  of  elastics  or  springs. 

SCLEROLYTIC  MEDICINAL  TREATMENT 

And  lastly,  some  mention  must  be  made  of  the  treatment  of  nerve 
wounds  by  thiosinamin  or  fibrolysin  (salicylate  of  thiosinamin). 

It  is  logical  to  utilise  the  sclerolytic  quality  of  thiosinamin  in  the  treat- 
ment of  the  cicatricial  fibrous  lesions  compressing  the  injured  nerve  or 
creating  ar.    .iterstitial  obstacle  tc  regeneration  of  the  axis-cylinders. 
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P.  Cazamian  *  has  mentioned  good  results  thereby  ;  in  several  instances 
he  would  appear  to  have  effected  the  disappearance  uf  the  nerve  tumour 
and  also  a  certain  functional  improvement. 

The  following  formula  may  be  utilised— 

Thioiinamin 15  gratiinet, 

Antipyrin 7'5  gnmmcs 

Oittiilnl  water q.s.  10  150  gnminci, 

in  subcutaneous,  or  better  still,  intra-muscular  injections.  Twenty-five  or 
thirty  consecutive  injections  in  doses  of  two  cubic  centimetres,  either  daily 
or  every  other  day. 

Thiosinamin  would  seem  to  be  specially  indicated  in  syndromes  of 
compression,  neuromata  of  attrition  and  neuritic  types,  where  fibrous 
infiltration  of  the  nerve,  being  interstitial,  is  inaccessible  to  surgical  treat- 
ment i  it  would  also  appear  as  though  it  had  a  favourable  action  on  the 
fibrous  sequels  in  cases  of  nerve  irritation,  which  arc  so  difficult  to 
mobilise  and  require  so  long  a  time. 

*  Caiamian.     Preiie  Me'ScaU,  II  November,  191s- 
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